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ADVERTISEMENT.

The Committee appointed by the Royal Society to direct the

publication of the Philosophical Transactions
,
take this opportunity

to acquaint the Public, that it fully appears, as well from the

council-books and journals of the Society, as from repeated de-

clarations which have been made in several former Transactions
i

that the printing of them was always, from time to time, the

single act of the respective Secretaries, till the Forty-seventh

Volume: the Society, as a Body, never interesting themselves

any further in their publication, than by occasionally recom-

mending the revival of them to some of their Secretaries, when,

from the particular circumstances of their affairs, the Transactions

had happened for any length of time to be intermitted. And
this seems principally to have been done with a view to satisfy

the Public, that their usual meetings were then continued, for the

improvement of knowledge, and benefit of mankind, the great

ends of their first institution by the Royal Charters, and which

they have ever since steadily pursued.

But the Society being of late years greatly enlarged, and their

communications more numerous, it was thought advisable that a

Committee of their members should be appointed, to reconsider

the papers read before them, and select out of them such as they

should judge most proper for publication in the future Transac-

tions; which was accordingly done upon the 26th of March,

17-52. And the grounds of their choice are, and will continue to
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be, the importance and singularity of the subjects, or the advan-

tageous manner of treating them, without pretending to answer

for the certainty of the facts, or propriety of the reasonings,

contained in the several papers so published, which must still

rest on the credit or judgment of their respective authors.

It is likewise necessary on this occasion to remark, that it is

an established rule of the Society, to which they will always

adhere, never to give their opinion, as a Body, upon any subject,

either of Nature or Art, that comes before them. And therefore

the thanks which are frequently proposed from the Chair, to be

given to the authors of such papers as are read at their accus-

tomed meetings, or to the persons through whose hands they

receive them, are to be considered in no other light than as a

matter of civility, in return for the respect shewn to the Society

by those communications. The like also is to be said with

regard to the several projects, inventions, and curiosities of

various kinds, which are often exhibited to the Society
;
the

authors whereof, or those who exhibit them, frequently take

the liberty to report, and even to certify in the public news-

papers, that they have met with the highest applause and

approbation. And therefore it is hoped, that no regard will

hereafter be paid to such reports and public notices
;
which in

some instances have been too lightly credited, to the dishonour

of the Society.
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' TRAN SACTIONS.

I. The Croonian Lecture. By William Hyde Wollaston, M. D
Sec. R. S.

Read November 1 6, 1809.

I am aware that the remarks, which I have to offer on the

present occasion, may be thought to bear too little direct re-

lation to each other for insertion in the same lecture
;
yet any

observation respecting the mode of action of voluntary mus-

cles, and every enquiry into the causes which derange, and

into the means of assisting the action of the heart and blood-

vessels, must be allowed to promote the design of Dr. Croone,

who instituted these annual disquisitions. And it has always

appeared to be one great advantage attending the labours of

this Society, that it favours the production of any original

knowledge, however small, in a detached form ; and enables

a writer to say all that he knows upon a particular subject,

without inducing him to aim at the importance of a long dis-

sertation.

{f
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2 Dr. Wollaston on the Duration

I shall therefore make no apology for dividing the follow-

ing lecture into three distinct parts.

In the first of which I shall treat of the duration of volun-

tary action.

In the second, I shall attempt to investigate the origin of

sea-sickness, as arising from a simple mechanical cause de-

ranging the circulation of the blood

In the third, I shall endeavour to explain the advantage

derived from riding and other modes of gestation, in assisting

the health under various circumstances, in preference to every

species of actual exertion.

Part I. On the Duration of Muscular Action.

The necessity of occasional intermissions from a series of

laborious exertions, is within the experience of every one
; the

fatigue of continuing the effort of any one voluntary muscle

without intermission even for a few minutes is also sufficiently

known ;
but there is a third view of the duration of muscular

action which appears to have escaped the notice of physiolo-

gists ; for I believe it has not hitherto been observed that each

effort, apparently single, consists in reality of a great number

of contractions repeated at extremely short intervals : so short

indeed that the intermediate relaxation cannot be visible, un-

less prolonged beyond the usual limits by a state of partial or

general debility.

I have been led to infer the existence of these alternate

motions from a sensation perceptible upon inserting the extre-

mity of the finger into the ear. A sound is then perceived

which resembles most nearly that of carriages at a great dis-

tance passing rapidly over a pavement.
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The rapidity of the motion varies according to the degree

of force with which the finger is retained in its place. The

sound thus perceived is not at all dependent on the degree of

pressure upon the tympanum ; for, on the contrary, the vibra-

tory sound is most distinct when that pressure is slight, if the

finger be at the same time rendered rigid by the forcible

action of antagonist muscles; and when the ear is stopped

with great force without the presence of muscular action, no

such sound is produced. For instance, if the head be rested

upon the hand in such a position, as to press with its whole

weight upon the ball of the thumb applied to the ear, no noise

is perceived, unless the extremity of the thumb be at the same

time pressed against the head, or unless the action of some

other muscles be communicated to the ear, by any inadvertence

in the method of conducting the experiment.

When I endeavoured to estimate the frequency of these

vibratory alternations, they appeared to be in general between

20 and 30 in a second ;
but it is possible that the method I

employed may be found defective, and it is to be hoped that

my estimate may be corrected, by some means better adapted

to the determination of intervals that cannot actually be

measured.

It was by imitation alone that I was enabled to judge of

their frequency. For this purpose I contrived to render the

vibration itself, and the imitative sound, both audible by the

same ear.

While my ear rested on the ball of my thumb, my elbow

was supported by a board lying horizontally, in which were

cut a number of notches of equal size, and about £ of an inch

asunder. Then, by rubbing a pencil or other round piece of

B 2



4 Dr. Wollaston on the Duration

wood with a regular motion along the notches, I could imitate

pretty correctly the tremor produced by the pressure of my
thumb against my head, and by marks to indicate the number
of notches passed over in 5 or 10 seconds, observed by my
watch, I found repeated observations agree with each other

as nearly as could be expected
;
for I could not depend upon

exerting the same degree of force in different trials.

That I might not be deceived by the resemblance of tre-

mors, which coincided only at alternate beats, and therefore

might be considered as octaves in music to each other, I some-

times employed notches at greater and sometimes at less dis-

tances from each other, but the result was nevertheless the

same ; and in order to avoid any error that might be caused

by some accidental quality of the sound arising from the

length of the muscle employed, or length of the bones con-

cerned in conveying the imitative sound to my ear, I made

the following variation of the experiment. My ear was

stopped by a cushion pressed upon by the end of a notched

stick that rested on my foot, and thus conveyed the vibra-

tion from the muscles of my leg to the ear, along with the

tremor produced by friction upon the notches
;
and still the

results were nearly the same
;
varying in frequency between

20 and 30 in a second, according to the degree of force

exerted in the experiment.*

* The resemblance of the muscular vibrations to the sound of carriages at a dis-

tance, I apprehend to arise not so much from the quality of the sound as from an

agreement in frequency with an average of the tremors usually produced by the num-

ber of stones in the regular pavement of London, passed over by carriages moving

quickly.

If the number of vibrations be supposed 24 in a second, and the breadth of each

stone be about 6 inches, the rate of a carriage thus estimated would be about 8 miles
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As a further proof that I was not much deceived in my
judgment of the frequency of these vibrations, I requested

two or three of my friends to repeat the same experiment

for me, and our agreement was such as to confirm me in the

opinion, that there could be no very considerable error in the

estimate.

The greatest frequency that I think I have observed, was

about 35 or 36 in a second, and the least was as low as 14 or

15 ;
but in attempting to lessen the number of vibrations,

there appears to be a degree of unsteadiness which prevents

any accurate measurement of the real number.

It is very probable, that in cases of great debility the num-

ber may be even considerably less, and may be the reason of

that visible unsteadiness, which is known to occur in persons

enfeebled by age, or much reduced by disease.

Possibly the foregoing observation may not be altogether

new to some members of this Society, as it is now about 17

or 18 years since it first occurred to me, and I was then accus-

tomed occasionally to mention it in conversation with my
friends ;

but I am not aware that any other person has made

the same remark respecting the vibratory nature of muscular

action, although I find that Grimaldi had observed the sound

that occurs upon stopping the ears, but ascribed it, according

to the notions that prevailed in his time, to the hurried motions

of the animal spirits.*

an hour, which agrees with the truth as nearly as the assumptions on which the esti-

mate is founded.

* Vera itaque ratio experimenti prasdicti est, quia in digito et brach'O tbtoque

corpore continuato aunt mulci motus ac tremores, ob spirituum agitationem hue illuc

perpetuo accurrentium. Grimaldi, Physicomathesis de Lurmne, p. 383.
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Part II. On Sea-Sickness.

The second remark which I have to offer to the Society

relates to sea-sickness, the cause of which has not hitherto

been fully explained
;
and although the explanation which I

am about to propose, may not appear altogether satisfactory

to persons who, when at sea, are also rendered giddy by the

incessant motion of the waves, and are consequently liable to

consider as cause and effect phenomena which in their minds

are constantly associated, yet the observation on which it is

founded may deserve to be recorded, on account of the de-

gree of relief that may be obtained in that most distressing

affection.

After I had been harassed by sea-sickness during a short

voyage for some days, and had in vain attempted to account

for the difference between the inexperienced passenger, and

those around him more accustomed to the motion of the sea,

I imperceptibly acquired some power of resisting its effects,

and had the good fortune to observe a peculiarity in my mode

of respiration, evidently connected with the motion of the

vessel, but of which, in my then enfeebled state, I was unable

to investigate either the cause or consequence. In waking

from a state of very disturbed sleep, I found that my respira-

tions were not taken with the accustomed uniformity, but

were interrupted by irregular pauses, with an appearance of

watching for some favourable opportunity for making the

succeeding effort ; and it seemed as if the act of inspiration

were in some manner to be guided by the tendency of the

vessel to pitch with an uneasy motion.

The mode by which I afterwards conceived that this action
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could primarily affect the system, was by its influence omthe

motion of the blood; for, at the same instant that the chest is

dilated for the reception of air, its vessels become also more

open to the reception of the blood, so that the return of blood

from the head is more free than at any other period of a com-

plete respiration. On the contrary, by the act of expelling air

from the lungs, the ingress of blood is so far obstructed, that,

when the surface of the brain is exposed by the trepan, a suc-

cessive turgescence and subsidence of the brain is seen, in

alternate motion with the different states of the chest. It is

probably from this cause that, in severe head-aches, a degree

of temporary relief is obtained by occasional complete inspi-

rations.

In sea-sickness also the act of inspiration will have some
tendency to relieve, if regulated so as to counteract any tem-

porary pressure of blood upon the brain ; but the cause of

such pressure requires first to be investigated.

All those who have ever suffered from sea-sickness, (with-

out being giddy
)
will agree that the principal uneasiness fs

felt during the subsidence of the vessel by the sinking of the

wave on which it rests. It is during this subsidence that the

blood has a tendency to press with unusual force upon the

brain.

If a person be supposed standing erect upon deck, it is evi-

dent that the brain, which is uppermost, then sustains no

pressure from the mere weight of the blood, and that the

vessels of the feet and lower parts of the body must contract,

with a force sufficient to resist the pressure of a column of

blood, of between five and six feet from the head downwards.

If the deck were by any means, suddenly and entirely
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removed, the blood would be no longer supported by its

vessels ; but both would fall together with the same velocity

by the free action of gravity; and the same contraction of

the vessels which before supported the weight of the blood

would now occasion it to press upon the brain, with a force

proportional to its former altitude.

In the same manner, and for the same reason, during a

more gradual subsidence of the deck, and partial removal of

support, there must be a partial diminution of the pressure of

the blood upon its vessels, and consequently, a partial re-

action upon the brain, which would be directly counteracted

by a full inspiration.

The consequence of external motion upon the blood will

be best elucidated by what may be seen to occur in a column

of mercury similarly circumstanced.

A barometer, when carried out to sea in a calm, rests at the

same height at which it would stand on shore
;
but, when the

ship falls by subsidence of the wave, the mercury is seen

apparently to rise in the tube that contains it, because a por-

tion of its gravity is then employed in occasioning its descent

along with the vessel ; and, accordingly, if it were confined

in a tube closed at bottom, it would no longer press with its

whole weight upon the lower end. In the same manner, and

for the same reason, the blood no longer presses downwards

with its whole weight, and will be driven upwards, by the

elasticity which before was merely sufficient to support it.

The sickness occasioned by swinging is evidently from the

same causes as sea-sickness, and that direction of the motion

which occasions the most piercing sensation of uneasiness, is

conformable to the explanation above given.
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It is in descending' forwards that this sensation is perceived;

for, then the blood has the greatest tendency to move from

the feet towards the head, since the line joining them is in

the direction of the motion. But when, in the descent

backwards, the motion is transverse to the line of the body,

it occasions little comparative inconvenience, because the

tendency to propel the blood towards the head is then

inconsiderable.

The regularity of the motion in swinging, afforded me an

apparently favorable opportunity for trying the effect of

inspiration ; but although the advantage was manifest, I must

confess, it did not fully equal the expectations I had formed

from my experience at sea. It is possible that the suddenness

of the descent, may in this case be too great to be fully coun-

teracted by such means ; but I am inclined to think that the

contents of the intestines, are also affected by the same cause

as the blood ; and if these have any direct disposition to re-

gurgitate, this consequence will be in no degree counteracted

*by the process of respiration.

A friend of mine informed me that he had endeavoured to

counteract this mechanical effect upon the stomach, and had

experienced immediate relief from a slight degree of sea-

sickness, by lying down upon the deck with his head towards

the stem of the vessel ; by means of which, upon pitching,

he was in the attitude of a person descending backwards in a

swing.

Whether the stomach be or be not thus primarily affected,

or only by sympathy with the brain, the sensation of sinking

is in all cases referred directly to the stomach, which is

seized with such instantaneous retching, that no person,

MDCCCX, C
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who has not been so situated, can form a just conception

of it.*

In thus referring the sensations of sea-sickness in so great

a degree, to the agency of mere mechanical pressure, I feel

confirmed by considering the consequence of an opposite mo-

tion, which by too quickly withdrawing blood from the head,

occasions a tendency to faint, or that approach to fainting,

which amounts to a momentary giddiness with diminution of

muscular power. At a time when I was much fatigued by

exercise, I had occasion to run to some distance, and seat my-

self under a low wall for shelter from a very heavy shower.

In rising suddenly from this position I was attacked with

such a degree of giddiness, that I involuntarily dropped into

my former posture, and was instantaneously relieved by re-

turn of blood to the head, from every sensation of uneasiness.

Since that time, the same affection has frequently occurred

to me in slighter degrees, and I have observed, that it has

always been under similar circumstances of rising suddenly

* There is one occasion upon which a slighter sensation of this kind is perceived,

and it appears to indicate the direction of the motion from which it arises, to be

downwards. <c In a country subject to frequent returns of earthquakes ” it is said *

that tf a few minutes before any shock came, many people could foretel it by an al-

teration in their stomachs ; an effect which ” (it is added) “ always accompanies the

wave-like motion of earthquakes, when it is so weak as to be uncertainly distinguish-

able.” (Michell, Phil. Trans. Vol. LI. 610.)

It seems that the vapours to which these tremendous concussions are owing, im-

mense in quantity, and of prodigious force, being for a time confined on all sides,

elevate the surface of a country to a vast extent until they either find vent, or meet

with some partial cause of condensation, and hence the alternate heaving and subsi-

dence of the ground, will produce much the same effects as the rising and falling of

the swell at sea.

* Phil. Trans. Vol. XL1I. p. 41.

/
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from an inclined position, after some degree of previous

fatigue. Sinking down again immediately removes the giddi-

ness ;
and then, by rising a second time more gradually, the

same sensation is avoided.

Part III. On the salutary Effects of Riding,
and other Modes oj

Gestation.

In the preceding instances of disturbing the circulation of

the blood, by external motion, the effect is disagreeable, and

proportionally prejudicial. There may indeed be cases of

disorder, in which it will be salutary, but these are probably

less frequent than is generally supposed.

In the observations which follow, general opinion will

concur with me, on the benefit derived from external, or pas-

sive motion, and I hope>, that in ascribing its good effects to

their true cause, I shall enable others to make a valuable

distinction, which has not yet been preserved with due care,

between one motion which is salutary, and another which is

very frequently pernicious. For, although the term gestation

is employed by medical writers, as a general term compre-

hending riding on horseback, or in a carriage, and although

the merits of such motions, especially the former, were

clearly noticed, and perhaps even over-rated, by the discern-

ment of Sydenham, I believe that no explanation has yet been

given, of the peculiar advantages of external motion, and am
persuaded, that the benefits to be derived from carria ge

exercise, are by no means in so high estimation as they ought

to be.

Under the common term exercise
, active exertion has

too frequently been confounded with passive gestation, and

C 2
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fatiguing efforts have consequently been substituted for motions

that are agreeable, and even directly invigorating, when duly

adapted to the strength of the invalid, and the peculiar nature

of his indisposition.

The explanation which I am about to offer of the effects of

external motion 'upon the circulation of the blood, is founded

upon a part of the structure observable in the venous system,

the mechanical tendency of which cannot be doubted. The

valves which are every where dispersed through those ves-

sels, allow free passage to the blood, when propelled forward,

by any motion that assists its progress ; but they oppose an

immediate obstacle to such as have a contrary tendency.

The circulation is consequently helped forward by every

degree of gentle agitation. The heart is supported in any la-

borious effort that may have become necessary, by some

obstacle to its exertions ; it is assisted in the great work of

restoring a system, which has recently struggled with some*

violent attack ; or it is allowed, as it were, to rest from a la-

bour, to which it is unequal, when the powers of life are

nearly exhausted by any lingering disorder.

In the relief thus afforded to an organ so essential to life,

ail other vital functions must necessarily participate
;
and the

various offices of secretion, and assimilation, by whatever

means they are performed, will not fail to be promoted during

such comparative repose from laborious exertion.

Even the powers of the mind itself, though apparently,

least likely to be influenced, by mere mechanical means, are

manifestly, and in many persons, most immediately affected*

by these kinds of motion.

It is not only in cases of absolute deficiency of power to
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Carry on the customary circulation, that the beneficial effects

of gestation are felt, but equally so, when comparative inabi-

lity, arises from redundancy of matter to be propelled. When
from fulness of blood, the circulation is obstructed, the whole

system labours under a feeling of hurry and agitation, with

that sensibility to sudden impressions, which is usually termed

nervousness. The mind becomes incapable of any deliberate

consideration, and is impressed with horrors that have no

foundation, but in a distempered imagination.

It is in moderate degrees of this species of affection, that

the advantages of carriage exercise, are most sensibly felt.

The composed serenity of mind that succeeds to the previous

alarm, is described by some persons, with a degree of satis-

faction, that evinces the decided influence of the remedy.

With this steadier tone of mind, returns its full power of cool

reflection; and if the imagination becomes more alive than

usual, its activity is now employed in conceiving scenes that

are amusing, and agreeable.

As an instance of direct relief to a circulation, labouring

from mere fulness of blood, I may adduce that of a person,

whose friends, as well as himself, were apprehensive, from

the violent and visible throbbing of his heart, of the existence

of some organic mischief, and were in some measure alarmed

for the consequences.

He was persuaded, and not reluctantly, to go without delay,

for medical advice, and was accordingly conveyed in a car-

riage to the house of some physician of eminence, but did not

succeed in finding him at home. As the symptoms did not

appear to admit of delay, and were at least not aggravated by

the motion, it was hoped that the wished-for advice might be
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obtained at a part of the town, which happened to be at some

distance. But the second attempt proved as fruitless as the

former, and a third was made with the same event. Since

the throbbing had by that time considerably abated, he was

contented to postpone any further efforts to the following day,

and directed the carriage homewards. By the time that he

returned to his friends, he found, that the motion of travelling

over several miles of pavement, had apparently removed the

complaint. The pulsation of the heart and arteries had

subsided to their natural standard, and he congratulated him-

self, that his search of a remedy had not been ineffectual,

although he had been disappointed as to the source from

which he thought he had most reason to expect relief.

If vigour can in any instance be directly given, a man may

certainly be said to receive it in the most direct mode, when

the important service of impelling forward the circulation of

his blood is performed for him by external means. The main

spring, or first mover of the system, is thereby, as it were,

wound up ;
and although the several subordinate operations,

of so complicated a machine, cannot be regulated in detail,

by mere external agency, they must each be performed with

greater freedom, in consequence of this general supply of

power.

In almost every treatise on the subject of chronical diseases,

are to be found numerous instances of the benefit, produced

by the several modes of gestation, which have been most

generally adopted ;
as riding on horseback, in carriages, sea-

voyages, and swinging. And in many cases, which might be

adduced, it has appeared too clear, to admit of a doubt, that

the cure of the patient, has been owing solely to the external
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agitation of his body, which must be allowed, at least, to

have had the effect above explained: that of relieving the

heart and arteries, from a great part of vtheir exertion in pro-

pelling the blood, and may therefore have contributed to the

cure, by that means only.

The different modes above mentioned, are adapted from

their nature to different degrees of bodily strength, and if

there are cases in which, that which appears most eligible,

may not suit the situation, or circumstances of the patient, it

can not be difficult, to contrive other means of giving motion,

so as least to incommode, and yet to give the greatest relief.

A very gentle and long continued, or even incessant motion,

may suit some cases better than any more violent and occa-

sional agitation
; and in this way, probably, it is, that sea

voyages have sometimes been attended with remarkable

advantage.
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II. The Bakerian Lecturefor 1809. On some new Electrochemical

Researches, on various Objects, particularly the metallic Bodies
,

from the Alkalies, and Earths, and on some Combinations of

Hydrogene. By Humphry Davy, Esq. Sec.B.S. F.R.S.E.

M. R. I. A.

Read November 16, 1809.

I. Introduction.

I have employed no inconsiderable portion of the time that

has elapsed, since the last session of the Royal Society, in

pursuing the train of experimental enquiries, on the applica-

tion of Electricity to Chemistry, the commencement and

progress of which, this learned Body has done me the

honour to publish in their Transactions.

In this communication I shall, as formerly, state the results.

I hope they will be found to lead to some views, and applica-

tions, not unconnected with the objects of the Bakerian lec-

ture : and though many of them are far from having attained

that precision, and distinctness, which I could wish, yet still

I flatter myself, that they will afford elucidations of some

important and abstruse departments of chemistry, and tend

to assist the progress of philosophical truth.

II. Some new Experiments on the Metalsfrom thefixed Alkalies.

In the paper, in which I first made known potassium and

sodium to the Royal Society, I ventured to consider these
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bodies according to the present state of our knowledge, as

undecompounded, and potash and soda as metallic oxides,

capable of being decomposed and recomposed, like other

bodies of this class, and with similar phaenomena.

Since that time, various repetitions of the most obvious of

the experiments on this subject, have been made in different

parts of Europe. The generality of enlightened chemists,

have expressed themselves satisfied both with the experi-

ments, and the conclusions drawn from them : but as usually

happens in a state of activity in science, and when the objects

of enquiry are new, and removed from the common order of

facts, some enquirers have given hypothetical explanations of

the phenomena, different from those I adopted.

MM. Gay Lussac and Thenard, as I have mentioned on

a former occasion, suppose potassium and sodium to be com-

pounds of potash and soda, with hydrogene
; a similar

opinion seems to be entertained by M. Ritter. M. Cura-

dau* affects to consider them as combinations of charcoal,

or of charcoal and hydrogene, with the alkalies ; and an En-

quirer -f in our own country, regards them as composed of

oxygene and hydrogene.

I shall examine such of those notions only, as have been

connected with experiments, and I shall not occupy the time

of the Society with any criticisms on matters of mere specu-

lation.

In my two last communications, I have given an account of

various experiments on the action of potassium upon ammonia,

the process from which MM. Gay Lussac and Thenard,

derive their inferences. At the time that these papers were

* Journal de Physique June, 1808. + Nicholson’s Journal. August, 1809. p. 258.

MDCCCX. D



i8 Mr. Davy's Experiments on

written, I had seen no other account of the experiments of

the French chemists, than one given in a number of the

Moniteur, and as this was merely a sketch, which I conceived

might be imperfect, I did not enter into a minute examination

of it. I have since seen a detail of their enquiry in the second

volume of the Mem. d' Arcueil, a copy of which M. Ber-

thollet has had the goodness to send me, and the publication

of which is dated June 7, 1809 : and from this detail, it seems

that they still retain their opinion ; but upon precisely the

same grounds as those to which I have before referred.

That no step of the discussion may be lost to the Society, I

shall venture to state fully their method of operation, and of

reasoning.

They say that they heated potassium* in ammonia, and they

found that a considerable quantity of ammonia was absorbed
;

and hydrogene produced ;
and that the potassium became

converted into an olive coloured fusible substance
;
by heating

this substance strongly, they obtained three fifths of the am-

monia again, two fifths as ammonia, one fifth as hydrogene

and nitrogene ; by adding a little water to the residuum, they

procured the remaining two fifths, and found in the vessel in

which the operation was carried on, nothing but potash.

—

Again, it is stated, that by treating a new quantity of metal with

the ammonia disengaged from the fusible substance, they again

obtained hydrogene, and an absorption of the ammonia
; and

by carrying on the operation, they affirm, that they can pro-

cure from a given quantity of ammonia, more than its volume

of hydrogene.

Whence, they ask, can the hydrogene proceed ?—shall it be

* Mem. d’ Arcueil, Tom. II. page 309.
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admitted that it is from the ammonia ? but this, say they, is

impossible ;
for all the ammonia is reproduced. It must

then come from the water which may be supposed to be in

the ammonia, or from the metal itself. But the experiments

of M. Berthollet, jun. prove that ammonia does not con-

tain any sensible quantity of water. Therefore, say they,

the hydrogene gas must be produced from the metal
;
and

as, when this gas is separated, the metal is transformed

into potash, the metal appears to be nothing more than a

combination of hydrogene, and that alkali.

It is obvious, that even supposing the statement of these

gentlemen correct, their conclusions may easily be contro-

verted. They affirm that all the ammonia is reproduced*; but

they do not obtain it without the addition of water. And of

the oxygene which this would give to the potassium, and of

the hydrogene which it might furnish, to reproduce the am-

monia, they take no notice.

I have shewn, by numerous experiments, many of which

have been repeated before members of this Society, that the

results obtained, by applying heat to the fusible substance,

are very different from those stated by the ingenious French

chemists, when the operations are conducted in a refined and

accurate manner.

In proportion as more precautions are taken to prevent

moisture from being communicated to it, so in proportion, is

less ammonia regenerated
;
and I have seldom obtained as

much as ~ of the quantity absorbed. And I have never pro-

cured hydrogene and nitrogene, in the proportions in which

they exist in ammonia
;
but there has been always an excess

of nitrogene.

D 2
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The processes which I have detailed in the last Bakerian

lecture, and in the appendix to it, shew this ; and they like-

wise shew that a considerable quantity of potassium is always

revived.

I have lately performed the experiments, in a manner

which I proposed, page 458 of the last volume of the

Transactions, and the results have been very satisfactory;

as far as they relate to the question of the nature of

potassium.

I employed a tube of platina bored from a single piece,

which having a stop-cock and adaptor of brass, connected

with the mercurial apparatus, could be used as a retort
; the

potassium was employed in quantities of from 3 to 4 grains,

and the absorption of the ammonia conducted as usual, in a

retort of glass free from metallic oxides ;
and in a tray of

platina.

In some of the processes, in which the heat was rapidly

applied, some of the gray matter, which I have formerly

described as a pyrophorus, passed over in distillation, and in

these cases, there was a considerable deficiency of hydrogene,

as well as nitrogene, in the results of the experiment
; but

when the heat was very slowly raised, the loss was much

less considerable, and in several cases, I obtained more than

four fifths of the potassium which had been employed
; and

very nearly the whole of the nitrogene, existing in the am-

monia that had been acted upon.

I shall give an account of one process, conducted with scru-

pulous attention. The barometer was at 30.2 in
*, thermometer

at 54
0 Fahrenheit. Three grains and a half of potassium

were heated in 12 cubical inches of ammonia, 7.5 were ab-
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sorbed, and 3.2 of hydrogene evolved. The fusible substance

was not exposed to the atmosphere, but was covered with

dry mercury, and immediately introduced into the tube;

which, with its adaptors was exhausted, and filled with hy-

drogene. They contained together X of a cubical inch.

The heat was very slowly applied by means of a fire of char-

coal, till the tube was ignited to whiteness. Nine cubical

inches of gas were given off, and ^ of a cubical inch remained

in the retort and adaptors. Of the 9 cubical inches, of a

cubical inch was ammonia, 10 measures of the permanent

gas, mixed with 7.5 of oxygene, and acted upon by the elec-

trical spark, left a residuum of 7.5. The quantity of potassium

formed, was such as to generate by its action upon water,

three cubical inches, and of hydrogene gas.

Now if this experiment be calculated upon, it will be found,

that 7.5 — .2 = to 7.3 of ammonia, by its electrical decompo-

sition, would afford about 13.1 of permanent gas, containing

3.4 of nitrogene, and 9.7 of hydrogene. But the 3.2 cubical

inches of hydrogene, evolved in the first part of the process,

added to the 5.8 evolved in the second part of the process =
9; and the nitrogene in the 8.8 cubical inches of gas, (or

the 9— .2 of ammonia,) will be about 3, and if we estimate

.34 of hydrogene, and .16 of nitrogene, in the .5, remaining

in the retort; there will be very little difference in the results

of the analysis of ammonia by electricity, and by the action

of potassium ;
and calculating upon the JL of hydrogene pre-

existing in the tube and adaptors, the loss of hydrogene will

be found proportionally rather greater than that of nitrogene.

In another experiment in which 3 grains of potassium were

employed in the same manner, 6.78 cubical inches of ammonia
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were found to be absorbed, and 2.48 of hydrogene only

generated. The distillation was performed, the adaptors

and tube being full of common air : 8 cubical inches of gas

were produced ; and there must have remained in the tubes

and adaptors, the same quantity of residual air, as in the pro-

cess last described.

The 8 cubical inches of gas contained scarcely J of a cubi-

cal inch of ammonia
;
and the unabsorbable part detonated

with oxygene, in the proportion of 1 1 to 6, gave a residuum

of 7 .5. — The barometer was at 30.2'”-, thermometer at 52*

Fahrenheit. Dr. Pearson, Mr. Allen, and Mr. Pepys were

present during the whole of these operations, and kindly

assisted in the progress of them.

Now 6.78—.4 of ammonia =6.38, and this quantity of gas

decomposed by electricity, would afford 11.4 of permanent

gas, consisting of 2.9 nitrogene, and 8.5 hydrogene; but

there are produced in this experiment, of hydrogene, 2.48 in

the first operation, and 4.28 in the second, and considering the

nitrogene in the permanent gas as 3.32, .8 must be subtracted

for the common air; which would give 2. 52 for the nitrogene

generated ;
and to these must be added, the quantity of

hydrogene and nitrogene in the tubes and adaptors.

The quantity of potassium regenerated, was sufficient to

produce 2.9 cubical inches of hydrogene.

In all experiments of this kind, a considerable quantity of

black matter separated, during the time the potassium in the

tube was made to act upon water.

This substance was examined. It was in the state of a fine

powder. It had the lustre of plumbago, it was a conductor of

electricity. When it was heated, it took fire at a temperature
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below ignition ; and after combustion, nothing remained but

minutely divided platina.

I exposed some of it to heat in a retort, containing oxy-

gene gas
;
there was a diminution of the gas ; and a small

quantity of moisture condensed on the upper part of the re-

tort, which proved to be mere water.

I made two or three experiments, with a view to ascertain

tlie quantity of this substance formed, and to determine more

fully its nature. I found that in the process in which from 3
to 4 grains of potassium, were made to act upon ammonia in

a vessel of platina, and afterwards distilled in contact with

platina, there were always from 4 to 6 grains of this powder

formed ; but I have advanced no further in determining its

nature, than in ascertaining, that it is platina combined with a

minute quantity of matter, which affords water by combustion

in oxygene.

In the processes on the action of potassium and ammonia,

in which iron tubes were used, as appears from the experi-

ments detailed in the last Bakerian lecture, and the appendix,

there is always a loss of nitrogene, a conversion of a portion

of potassium into potash, and a production of hydrogene.

When copper tubes are employed, the hydrogene bears a

smaller proportion to the nitrogene ; and more potassium is

revived.

In these experiments, in which platina has been used,

there is little or no loss of potassium or nitrogene ; but a loss

smaller, or greater of hydrogene.

It will be asked, on what do these circumstances depend ?

Do the affinity of certain metals for potassium, prevent it from

gaining oxygene from ammonia, and do platina and copper
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combine with a small quantity of hydrogene, or its basis ? Or are

there some sources of inaccuracy in those processes, in whicli

nitrogene has appeared to be decomposed? The discussion of

these difficult problems will be considered in that part of this

lecture, in which the nature of ammonia will be illustrated by

some new experiments. The object of the present part of the

enquiry is the demonstration of a part of chemical doctrine, no

less important and fundamental to a great mass of reasoning,

namely, that by the operation of potassium upon ammonia, it

is not a metallic body that is decompounded, but the volatile

alkali, and that the hydrogene produced does not arise from

the potassium, as is asserted by the French chemists, but from

the ammonia
,
as I have always supposed

; the potassium in the

most refined experiments is recovered, but neither the ammonia

nor its elements can be reproduced, except by introducing a

new body, which contains oxygene and hydrogene,

I have made an experiment upon the action of sodium on

ammonia, with the same precautions as in the experiments

just detailed, a tray, and the same tube of platina being

employed.

3- To gra ins °f sodium I found absorbed 9.1 of ammonia,

and produced about 4.5 of hydrogene, and the fusible sub-

stance, which was very similar to that from potassium, dis-

tilled, did not give off-1- of the ammonia that had disappeared
;

and this small quantity I am inclined to attribute to the pre-

sence of moisture. The permanent gas produced, equalled

twelve cubical inches, and by detonation with oxygene, proved

to consist of nearly two of hydrogene, to one of nitrogene.

Sodium wras regenerated, but an accident prevented me from

ascertaining the quantity.
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Whoever will consider with attention, the mere visible

phaenomena of the action of sodium on ammonia, cannot, I

conceive, fail to be convinced that it is the volatile alkali, and

not the metal which is decompounded in this process.

As sodium does not act so violently upon oxygene, as po-

tassium ; and as soda does not absorb water from the atmos-

phere, with nearly so much rapidity as potash, sodium can

be introduced into ammonia, much freer from moisture, than

potassium. Hence, when it is heated in ammonia, there is no

effervescence, or at least one scarcely perceptible. Its tint

changes to bright azure, and from bright azure to olive green,

it becomes quietly and silently converted into the fusible sub-

stance, which forms upon the surface, and then flows off into

the tray. It emits no elastic fluid, and gains its new form

evidently, by combining with one part of the elementary

matter of ammonia, whilst another part is suffered to escape

in the form of hydrogene.

It will not be necessary for me to enter into a very minute

experimental examination of the opinion of M. Curaudau,

that the metals of the alkalies, are composed of the alkalies

merely united to charcoal

;

the investigation upon which he

has founded his conclusions, is neither so refined, nor so diffi-

cult, as that which has been just examined. This gentleman

has been misled by the existence of charcoal, as an accidental

constituent in the metals he employed, in a manner much

more obvious, than that in which MM. Gay Lussac and

Thenard have been misled by the moisture which interfered

with their results.

M. Curaudau states, that when sodium is oxydated,

carbonic acid is formed. This I have never found to be the

mdcccx. E
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case, except when the sodium was covered by a film of

naphtha. I burnt two grains of sodium in 8 cubical inches of

oxygene : nearly two cubical inches ofoxygene were absorbed,

and soda in a state of extreme dryness, so that it could not

be liquified by a heat below redness, formed. This soda did

not give out an atom of carbonic acid, during its solution in

muriatic acid. Three grains of sodium were made to act

upon water
;
they decomposed it with the phasnomena which

I have described in the Bakerian lecture for 1807. Nearly 6

cubical inches of hydrogene were produced. No charcoal

separated ; no carbonic acid was evolved, or found dissolved

in the water. Whether the metals of potash or soda were

formed by electricity, or by the action of ignited iron on the

alkalies, the results were the same. When charcoal is used

in experiments on potassium or sodium, they usually contain

a portion of it in combination, and it appears from M. Curau-

dau's method of decomposing the alkalies, that his metals

must have been carburets not of potash and soda, but of po-

tassium and sodium.

M. Ritter's argument in favour of potassium and sodium,

being compounds of hydrogene, is their extreme lightness.

This argument I had in some measure anticipated, in my
paper on the decomposition of the earths

; no one is more

easily answered. Sodium absorbs much more oxygene than

potassium, and on the hypothesis of hydrogenation, must con-

tain much more hydrogene
;
yet though soda is said to be

lighter than potash, in the proportion of 13 to 17 nearly,* yet

sodium is heavier than potassium in the proportion of 9 to 7 at

least.

* Hassenfratz, Anna!, de Chezn. Tom. XXVIII. page u..
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On the theory which I have adopted, this circumstance is

what ought to be expected. Potassium has a much stronger

affinity for oxygene than sodium ;
and must condense it much

more, and the resulting higher specific gravity of the com-

bination is a necessary consequence.

M. Ritter has stated, that of all the metallic substances he

tried for producing potassium by negative Voltaic electricity,

tellurium was the only one by which he could not procure it.

And he states the very curious fact, that when a circuit of

electricity is completed in water, by means of two surfaces of

tellurium, oxygene is given off at the positive surface, no

hydrogene at the negative surface, but a brown powder which

he regards as a hydruret of tellurium, is formed and separates

from it ; and he conceives that the reason why tellurium pre-

vents the metallization of potash is, that it has a stronger

attraction for hydrogene, than that alkali.

These circumstances of the action of tellurium upon water,

are so different from those presented by the action of other

metals, that they can hardly fail to arrest the attention of

chemical enquirers. I have made some experiments on the

subject, and on the action of tellurium on potassium, and I find

that instead of proving that potassium is a compound of potash

and hydrogene, they confirm the idea of its being as yet like

other metals undecompounded.

When tellurium is made the positive surface in water, oxy-

gene is given off, when it is made the negative surface, the

Voltaic power, being from a battery composed of a number of

plates exceeding 300 ; a purple fluid is seen to separate from

it, and diffuse itself through the water
; the water gradually

becomes opaque and turbid, and at last deposits a brown

E 2
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powder. The purple fluid is, I find, a solution of a compound

of tellurium and hydrogene in water
; which in being diffused,

is acted upon by the oxygene of the common air, dissolved in

the water, and gradually loses a part of its hydrogene, and

becomes a solid hydruret of tellurium. The compound of hy-

drogene and tellurium produced at the negative pole when

uncombined is gaseous at common temperatures, and when

muriatic acid, or sulphuric acid are present in the water, it is not

dissolved, but is given off, and may be collected and examined.

I acted upon potash by means of a surface of tellurium,

negatively electrified, by a part of the large Voltaic apparatus

lately constructed on a new plan in the laboratory of the Royal

Institution, an account of which, with figures, will be found

annexed to this paper. 1000 double plates were used. The

potash was in the common state, as to dryness. There was a

most violent action, and a solution of the tellurium, with much

heat, and a metallic mass, not unlike nickel in colour, was

formed
;
which when touched by water, did not inflame nor

effervesce, but rendered the water of a beautiful purple

colour, and when thrown into water entirely dissolved, making

a bright purple tincture. It immediately occurred to me,

that the whole of the hydrogene, which in common cases

would have been furnished from the decomposition of the

water, had in this instance combined with he tellurium, and

that the telluretted hydrogene, (if the name may be used,) had

formed with the oxidated potassium, i. e. the potash, a peculiar

compound, soluble in water
;
and this I found to be the case

;

for on pouring a little diluted muriatic acid into the mixture,

it effervesced violently, and gave a smell very like that of

sulphuretted hydrogene ;
metallic tellurium was formed where
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it came in contact with the air, and muriate of potash was

found dissolved in the mixture.

It seemed evident from this fact, that in the action of

tellurium negatively electrified upon potash, potassium was

produced as in all other cases, and that it combined with the

tellurium, and formed a peculiar alloy : and this opinion was

farther confirmed, by the immediate action of potassium upon

tellurium. When these metals were gently heated in a retort

of green glass, filled with hydrogene gas, they combined with

great energy, producing most vivid heat and light, and they

composed an alloy of a dark copper hue, brittle, infusible at a

heat below redness, and possessing a crystalline fracture.

When the tellurium was in excess in this mixture, or even

nearly equal to the potassium in quantity, no hydrogene was

evolved by the action of the alloy upon water
;
but the com-

pound of telluretted hydrogene and potash was formed, which

remained dissolved in the fluid, and which was easily decom-

posed by an acid.

The very intense affinity of potassium and tellurium for

each other, induced me to conceive that the decomposition of

potash, might be easily effected, by acting on the oxide of tel-

lurium and potash at the same time, by heated charcoal
;
and

I soon proved that this was the case. About 100 grains of

oxide of tellurium, and 20 of potash, were mixed with 12

grains of well burnt charcoal in powder, and heated in a

green glass retort
;
before the retort became red there was

a violent action, much carbonic acid was given off, a vivid

light appeared in the retort, and there was found in it the

alloy of tellurium and potassium.

In attempting to reduce some oxide of tellurium by charcoal.
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which Mr. Hatchett had the kindness to give me for the pur-

poses of these experiments, and which must have been precipi-

tated by potash, or from a solution in potash, I found that a

sufficient quantity of alkali adhered to it, even after it had been

well washed, to produce an alloy of potassium and tellurium
;

but in this alloy the potassium was in very small quantity. It

was of a steel gray colour, very brittle, and much more fusible

than tellurium.

I shall not arrest the progress of discussion, by entering at

present into a minute detail of the properties of the aeriform

compound of tellurium and hydrogene ; I shall mention

merely some of its most remarkable qualities, and agencies,

which, as will be shewn towards the close of this paper, tend

to elucidate many points immediately connected with the sub-

ject in question. The compound of tellurium and hydrogene,

is more analogous to sulphuretted hydrogene, than to any

other body. The smell of the two substances is almost

precisely the same.* Its aqueous solution is of a claret colour

;

* In some experiments, made on the action of tellurium and potassium, in the la-

boratory of my friend John George Children, Esq. ofTunbridge, in which Mr.

Children, Mr. Pepys, and Mr. Warburton co-operated, the analogy between

the two substances struck us so forcibly, as for some time to induce us to conceive

that tellurium might contain sulphur, not manifested in any other way but by the

action of Voltaic electricity, or by potassium ; and some researches made upon the

habitudes of different metallic sulphurets, at the Voltaic negative surface, rather

confirmed thesuspicion,formostofthe sulphurets that we tried, which were conductors

of electricity, absorbed hydrogene in the voltaic circuit. The great improbability, how-

ever, of the circumstance that sulphuric acid, or sulphur in any state of oxygenation

could exist in a metallic solution, which was not manifested by the action of barytes,

induced me to resist the inference ; and further researches, made in the laboratory «f

the Royal Institution, proved that the substance in question was a new and singular

combination.
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but it soon becomes brown, and deposits tellurium, by expo-

sure to air. When disengaged from an alkaline solution by

muriatic acid, it reddens moistened litmus ; but after being

washed in a small quantity of water, it loses this property

;

but in this case likewise it is partially decomposed by the air

in the water
;
so that it is not easy to say, whether the power

is inherent in it, or depends upon the diffusion of a small

quantity of muriatic acid through it. In other respects, it re-

sembles a weak acid, combining with water, and with the

alkalies. It precipitates most metallic solutions. It is in-

stantly decomposed by oxymuriatic acid, depositing a film,

at first metallic
;
but which is soon converted into muriate of

\

tellurium.*

As arsenic has an affinity for hydrogene, it occurred to me
as probable, that it would present some phenomena analogous

to those offered by tellurium, in its action upon potassium,

and in its operation upon water, when electrified.

Arsenic made the negative surface, in water, by means

of a part of the new battery, containing 6go double plates,

became dark coloured, and threw down a brown powder
;
but

it likewise g'ave off a considerable quantity of inflammable gas.

Arsenic negatively electrified in a solution of potash, like-

wise afforded elastic matter
;
but in this case the whole solution

took a deep tint of brown, and was pellucid
;
but it became

turbid, and slowly deposited a brown powder, by the action

of an acid. When arsenic was made the negative surface, in

* From the results of one experiment which I tried, it seems that tellurium, merely

by being heated strongly
s

in dry hydrogene, enters into combination with it. An acci-

dent prevented me from ascertaining whether the compound so formed, is exactly the

«ame as that described in the text.
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contact with solid potash, an alloy of arsenic and potassium

was formed of a dark gray colour, and perfectly metallic ; it

gave off'arseniuretted hydrogene by the action of wrater with

inflammation, and deposited a brown powder.

When potassium and arsenic* were heated together in hy-

drogene gas, they combined with such violence as to produce

the phenomena of inflammation, and an alloy was produced of

the same kind as that formed by means of the Voltaic battery.

As tellurium and arsenic both combine with hydrogene, it

appeared to me probable, that by the action of alloys of po-

tassium, with tellurium and arsenic, upon ammonia, some

new phenomena would be obtained, and probably, still fur-

ther proofs of the decomposition of the volatile alkali, in this

process afforded
;
and this I found w’as actually the case.

When the easily fusible alloy of tellurium with potassium,

in small quantity, was heated in ammonia, the surface lost its

metallic splendour, and a dark brown matter was formed,

which gave ammonia by exposure to air ;
and the elastic fluid,

which was generated in this operation, consisted of four-sixths

nitrogene, instead of being pure hydrogene, as in the case of

the action of potassium arine.

The alloy of arsenic and potassium, by its action upon

* In reasoning upon the curious experiment ofCa det, of the production of a volatile

pyrophorus by the distillation of acetite of potash, and white oxide of arsenic, Four-

croy Connais. Chem. Tom. viii. p. 197, I conceived it probable, that this pyrophorus

was a volatile alloy of potassium and arsenic. But from a repetition of the process I

find, that though potash is decompounded in this operation, yet that the volatile

substance is not an alloy of potassium, but contains charcoal and arsenic, probably

with hydrogene. The gasses not absorbable by water given off in this operation, are

peculiar. Their smell is intensely fcetid. They are inflammable, and seem to contain

charcoal, arsenic, and hydrogene : whether they are mixtures of various gasses, or a

single compound, I am not at present able to decide.
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ammonia, likewise produced a gas which was principally ni»

trogene, so that if it be said that the metal, and not the volatile

alkali is decomposed in processes of this kind, it must be

considered in some cases as a compound of nitrogene, and in

others a compound of liydrogene, which are contradictory

assumptions.

None of the chemists who have speculated upon the ima-

ginary hydrogenation of potash, as far as my knowledge ex-

tends, have brought forward any arguments of analysis, or

synthesis. Their reasonings have been founded, either upon

distant analogies, or upon experiments in which agents,

which they did not suspect were concerned. No person, I be-

lieve, has attempted to shew that when potassium or sodium

is burnt in oxygene gas, water is formed, or that water is

generated, when potassium decomposes any of the acids,* and

no one has been able to form potassium, by combining hy-

drogene with potash. I stated in the Bakerian lecture for

1807, that when potassium and sodium were burnt in oxygene

* When in October 1807, I obtained a dark coloured combustible substance from

boracic acid, at the negative pole in the Voltaic circuit, I concluded that the acid was

probably decomposed, according to the common law of electrical decomposition. In

March 1808, I made further experiments on this substance, and ascertained that it

produced acid matter by combustion ; and I announced the decomposition in a pub-

lic lecture delivered in the Royal Institution March 12. Soon after I heated a small

quantity of potassium, in contact with dry boracic acid, no water was given off in the

operation, and I obtained the same substance as I had procured by electricity. MM.
Gay Lussac and Thenard have likewise operated upon boracic acid, by potas-

sium, and they conclude that they have decompounded it; but this does not follow

from their theory, unless they prove that water is given off in the operation, or

combined with the borate of potash ; the legitimate conclusion to be drawn from

the processes, on their hypothesis, was, that they had made a hydruret of boracic

acid.

MDCCCX. F



54i -MV. Davy’s Experiments on

gas, the pure alkalies were formed in a state of extreme dry-

ness
;
and that 100 parts of potassium, absorb about 18 parts'

of oxygene, and 100 parts of soda about 34 parts. Though in

the experiments from which these deductions were made,

very small quantities only of the materials were employed,

yet still from frequent repetitions of the process, I hoped

that they would approach to accuracy ; and I am happy to

find that this is the case ; for the results differ very little in

some experiments which I have made, upon considerable

portions of potassium and sodium, procured by chemical

decomposition.

When potassium is burnt in trays of platina, in oxygene

gas that has been dried by ignited potash, the absorption of

oxygene is about ~~ of a cubical inch for every grain of

the metal consumed ; and when sodium is burnt in a si-

milar manner, about a cubical inch is taken up for every

grain.* The alkalies so formed, are only imperfectly fusible

at a red heat; and do not, like the easily fusible alkalies, give

indications of the presence of moisture..

M. D’Arcet has shewn by some very well conducted en-

quiries, that potash and soda/f in their common state,, contain

a considerable proportion of water ; and M. Berthollet con-

cludes, that 100 parts of potash, that have been kept for some

time in fusion, contain 13.89 parts of water, which is lost

when the alkali enters into combination with muriatic acid

;

and the same sagacious observer, from some very minute

experiments, infers, that muriate of potash, which has been

* The quantities of gas given out by the operation of' water; are in a similar ratios.

See page 43 of the last Bakerian lecture, and page 26 of this paper.

f Annales de Chinaie. Nov. 1.808, page 175.
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ignited, contains in the 100 parts 66.66 potash, and 33 34
muriatic acid, a determination which differs very little from

that of Bucholz.

To determine the relation of the dryness of the potash,

formed from potassium, to that which has been considered as

freed from the whole or the greatest part of its water, in

muriate of potash, I made several experiments. I first at-

tempted to convert a eertain quantity of potassium into potash,

upon the surface of liquid muriatic acid
; but in this case the

heat was so intense, and hydrogene holding potassium in so-

lution, was disengaged with so much rapidity, that there

was a considerable loss of alkali
;
yet even under these cir-

cumstances, I obtained from 10 parts of potassium, 17.5 of

dry muriate of potash. The most successful and the only

mode which I employed, that can be entirely depended upon,

was that of converting potassium into muriate of potash, in

muriatic acid gas. I shall give the results of two experiments

made in this manner : 5 grains of potassium inserted in a tray

of platina, were made to act upon 19 cubical inches of muriatic

acid gas, that had been exposed to muriate of lime ; by the

application of a gentle heat, the potassium took fire, and burnt

with a beautiful red light
;
* and the whole mass appeared in

igneous fusion ; a little muriate of potash in the state of a

white powder, sublimed and collected in the top of the vessel

in which the experiment was made. Nearly 14 cubical inches

of muriatic acid gas were absorbed, and about 5 of hydrogene

were produced. The increase of weight of the tray was about

4.5 grains
; and it did not lose any weight by being ignited.

* As a retort exhausted of common air was used, the small quantity of residual

common air may have been connected with this vividness of combustion.

Fa
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The second experiment was conducted with still more at-

tention to minuteness. 3 grains of potassium were employed;

above 22 cubical inches of muriatic acid gas were consumed

;

the potassium burnt with the same brilliant phasnomena as in

the last experiment, and the increase of weight of the tray

was 6± grains. The muriate of potash was kept for some

minutes in fusion in the tray, till a white fume began to rise

from it, but it did not lose the
2
-
r- of a grain in weight. After

the muriate of potash had been washed out of the tray, and it

had been cleaned and dried, it was found to have lost about a

third of a grain, which was platina in a metallic state, and that

had alloyed with the potassium where it was in contact with

the tray, during the combustion. There was no appearance of

any water being separated in the process. A little muriate of

potash sublimed
;
this was washed out of the retort, and ob-

tained by evaporation : it did not equal ~ of a grain.

Now if the data for calculation be taken from this last ex-

periment, 8 grains of potassium will combine with 3 .4 grains

of oxygene, to form 9.4 grains of potash, and 6.6— 1.4 =
5.2, the quantity of muriatic acid combined with the potash,

which would give in the 100 parts in muriate of potash, 35.6

of acid, and 64.4 of potash ; but 35.6 of muriatic acid accord-

ing to M. Berthollet’s estimation, would demand 71.1 of

alkali, in the state of dryness in which it exists in muriate of

potash, and 71.1— 64.4 = 6.7 — so that the potash taken as a

standard by M. Berthollet, contains at least 9 per cent, more

water, than that existing in the potash formed by the combus-

tion of potassium in muriatic acid gas, which consequently may

with much more propriety be regarded as the dry alkali.*

* Consequently M. Behthollet’s fused potash must contain nearly 23 per cent.
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After these illustrations, I trust the former opinions which

I ventured to bring forward, concerning the metals of the

fixed alkalies, will be considered as accurate, and that

potassium and sodium, can with no more propriety be con-

sidered as compounds
,
than any of the common 7netallic

substances; and that potash and soda, as formed by the com-

bustion of the metals, are pure metallic oxides, in which no

water is known to exist.

These conclusions must be considered as entirely indepen-

dent of hypothetical opinions, concerning the existence of

hydrogene in combustible bodies, as a common principle of

inflammability, and of intimately combined water, as an essentia!

constituent of acids, alkalies, and oxides ; this part of the en-

quiry I shall reserve for the conclusion of the lecture, and I

shall first consider the nature of the metal of ammonia, and

the metals of the earths.

III. Experiments on Nitrogene, Ammonia
,
and the Amalgam

from Ammonia.

One of the queries that I advanced, in attempting to reason

upon the singular phaenomena produced by the action of po-

tassium upon ammonia was, that nitrogene might possibly

consist of oxygene and hydrogene, or that it might be com-

posed from water.

I shall have to detail in this section, a great number of la-

borious experiments, aud minute and tedious processes, made

with the hopes of solving this problem. My results have

of water. From my own observations I am inclined to believe, that potash kept for

some time in a red heat, contains 16 or 17 per cent, ofwater, taking the potash formed

by the combustion of potassium, as the dry standard.
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been for the most part negative ; but I shall venture to state

them fully, because I hope they will tend to elucidate some

points of discussion, and may prevent other chemists from

pursuing the same paths of enquiry, and which at first view

do not appear unpromising.

The formation of nitrogene has been often asserted to take

place in many processes, in which none of its known combi-

nations were concerned. It is not necessary to enter into the

discussion of the ideas entertained by the German chemists

on the origin of nitrogene, produced during the passage of

water through red hot tubes, or the speculations of Girtanner,

founded on these and other erroneous data ; the early dis-

covery of Priestley on the passage of gasses through red

hot tubes of earthen ware, the accurate researches of Ber-

thollet, and the experiments of Bouillon la-grange, have

.afforded a complete solution of this problem.

One of the most striking cases, in wThich nitrogene has been

supposed to appear without the presence of any other matter

but water, which can be conceived to supply its elements,

is in the decomposition and recomposition of water by elec-

tricity.* To ascertain if nitrogene could be generated in this

manner, I had an apparatus made, by which a quantity of

water could be acted upon by Voltaic electricity, so as to pro-

duce oxygene and hydrogene with great rapidity, and in

which these gasses could be detonated, without the exposure

of the water to the atmosphere ; so that this fluid was in con-

tact with platina, mercury, and glass only
; and the wires for

completing the Voltaic, and common electrical circuit, were

•

* See Dr. Psarson’s elaborate experiments, on the decomposition of water by

electrical explosions. Nicholson’s Journal, 410. vol. I. page 301.
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hermetically inserted into the tube. 500 double plates of

the Voltaic combination were used, in such activity that

about the eighth of a cubical inch of the mixed gasses, upon

an average, was produced from 20 to 30 times in every day.

The water used in this experiment was about a half a cubic

inch; it had been carefully purged of air by the air-pump and

by boiling, and had been introduced into the tube, and secured

from the influence of the atmosphere whilst warm. After the

first detonation of the oxygene and hydrogene, which together

equalled about the eighth of a cubical inch, there was a resi-

duum of about -1- of the vollime of the gasses
;
after every

detonation this residuum was found to increase, and when

about 50 detonations had been made, it equalled rather more

than A of the volume of the water i. e. | of a cubical inch.

It was examined by the test of nitrous gas
;

it contained no

oxygene ;
6 measures mixed with 3 measures of oxygene

diminished to 5 ;
so that it consisted of 2 .6 of hydrogene, and

3.4, of a gas, having the characters of nitrogene.

This experiment seemed in favour of the idea of the produc-

tion of nitrogene from pure water in these electrical processes^

but though the platina wires were hermetically sealed into

the tube, it occurred to me as possible that at the moment of

the explosion by the electrical discharge, the sudden expan-

sions and contractions might occasion some momentary com-

munication with the external air through the aperture ; and I

resolved to make the experiments in a method by which the

atmosphere was entirely excluded.. This was easily done by

plunging the whole of the apparatus, except the upper parts

of the communicating wires under oil, and carrying on the

process as before. In this experiment the residuum did not
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seem to increase quite so fast as in the former one. It was

carried on for nearly two months. After 340 explosions, the

permanent gas equalled T
2^L of a cubical inch. It was care-

fully examined : six measures of it detonated with 3 measures

of oxygene, diminished to rather less than 1 measure. A re-

sult which seems to shew, that nitrogene is not formed during

the electrical decomposition and recomposition of water, and

that the residual gas is hydrogene. That the hydrogene is

in excess, may be easily referred to a slight oxidation of the

platina.

The refined experiments of Mr. Cavendish on the defla-

gration of mixtures of oxygene, hydrogene, and nitrogene,

lead directly to the conclusion, that the nitrous acid sometimes

generated in experiments on the production of water, owes

its origin to nitrogene, mixed with the oxygene and hydro-

gene, and is never produced from those two gasses alone. In

the Bakerian lecture for 1806, I have stated several facts,

which seem to shew that the nitrous acid, which appears in

many processes of the Voltaic electrization of water, cannot

be formed, unless nitrogene be present.

Though in these experiments I endeavoured to guard with

great care against all causes of mistake, and though I do not

well see how I could fall into an error, yet I find that the as-

sertion, that both acids and alkalies may be produced from

pure water, has again been repeated.* The energy with

which the large Voltaic apparatus, recently constructed in

the Royal Institution, acts upon water, enabled me to put this

question to a more decided test, than was before in my power.

I had formerly found in an experiment, in which pure water

* Nicholson’s Journal, August, 1809, p. 258.
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was electrified in two gold cones in hydrogene gas, that no

nitrous acid nor alkali was formed. It might be said, that in

this case the presence of hydrogene dissolved in the water,

would prevent nitrous acid from appearing ; I therefore,

made two series of experiments, one in a jar filled with oxy-

gene gas, and the other in an apparatus, in which glass, water,

mercury, and wires of platina only, were present.

I11 the first series 1000 double plates were used, the two

cones were of platina, and contained about Tj of a cubical

inch each, and filaments of asbestus were employed, to con-

nect them together. In these trials, when the batteries were

in full action, the heat was so great, and the gasses were

disengaged with so much rapidity, that more than half the

water was lost in the course of a few minutes. By using a

weaker charge, the process was carried on for some hours,

and in some cases, for from two to three days. In no in-

stance, in which slowly distilled water was employed, and

in which the receiver was filled with pure oxygene, from

oxyinuriate of potash, was any acid or alkali exhibited in the

cones
;
even when nitrogene was present, the indications of

the production of acid and alkaline matter, were very feeble

;

though if the asbestus was touched with unwashed hands, or

the smallest particle of neutro saline matter introduced, there

was an immediate separation of acid and alkali, at the points

of contact of the asbestus with the platina, which could be

made evident by the usual tests.

In the second series of experiments, the oxygene and hy-

drogene produced from the water, were collected under mer-

cury, and the two portions of water communicated directly

with each other. In several trials made in this way, with a

mdcccx. G
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combination of 500 plates, and continued for some days, it

was always found that fixed alkali, separated in the glass

negatively electrified ;
and a minute quantity of acid, which

could barely be made evident by litmus, in the glass positively

electrified. This acid rendered cloudy nitrate of silver.

Whether its presence was owing to impurities which might

rise in distillation with the mercury, or to muriatic acid exist

mg in the glass, I cannot say
;
but as common salt perfectly

dry, is not decomposed by silex, it seems very likety that

muriatic acid in its arid state, may exist in combination in

glass.

I tried several experiments on the ignition and fusion of

platina by Voltaic electricity, in mixtures of the vapour of

water and oxygene gas. I thought it possible if water

could be combined with more oxygene
,
that this heat, the most

intense we are acquainted with, might produce the effect.

When the oxygene was mixed with nitrogene, nitrous acid

was formed ;
but when it consisted of the last portions from

oxymuriate of potash, there was not the slightest indication

of such a result.

Water in vapour was passed through oxide of manganese,

made red hot in a glazed porcelain tube, the bore of which

was nearly an inch in diameter ; in this case a solution of

nitrous acid, sufficiently strong to be disagreeably sour to the

taste, and which readily dissolved copper, was formed.

This experiment was repeated several times, and when the

diameter of the tube was large, with precisely the same

results. When red oxide of lead was used instead of oxide

of manganese, no acid was however generated
;
but upon

this substance a single trial only was made, and that in a small
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tube, so that no conclusion can with propriety be drawn from

this failure.

I stated in the last Bakerian lecture, that in attempting to

produce ammonia from a mixture of charcoal and pearlash,

that had been ignited by the action of water, in the manner

stated by Dr. Woodhouse, I failed in the trial in which

the mixture was cooled in contact with hydrogene. I have

since made a number of similar experiments. In general when

the mixture had not been exposed to air, there was little or

no indication of the production of the volatile alkali
;
but the

result was not so constant as to be entirely satisfactory
;
and

the same circumstances could not be uniformly obtained in

this simple form of the experiment. I had an apparatus made,

in which the phenomena of the process could be more rigour-

ously examined. Pure potash and charcoal, in the proportion

of one to four in weight, were ignited in the middle of a tube

of iron, furnished with a system of stopcocks, and connected

with a pneumatic apparatus, in sucji a manner, that the mix-

ture could be cooled in contact with the gas, produced during

the operation ; and that water exhausted of air, could be made

to act upon the cooled mixture, and afterwards, distilled from

it ;
figures of this apparatus, and an account of the manner in

which it was used, are annexed to this paper. In this place I

shall state merely the general results of the operations, which

were carrried on for nearly two months, a variety of precau-

tions being used to prevent the interference of nitrogene from

the atmosphere.

In all cases in which the water was brought in contact with

the mixture of charcoal and potash, when it was perfectly

cool, and afterwards distilled from it by a low heat, it was

G 2
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found to hold in solution, small quantities of ammonia
; when

the operation was repeated upon the same mixture, ignited a

second time, the proportion diminished
;
in a third operation

it was sensible, but in the fourth barely perceptible. The

same mixture, however, by the addition of a new quantity of

potash, again gained the power of producing ammonia in two

or three successive operations
;
and when any mixture had

ceased to give ammonia, the power was not restored by cool-

ing it in contact with air.

Ammonia was produced in a case in which more than 200

cubical inches of gas had passed over from the action of

water upon a mixture, and when the last portions only were

preserved in contact with it during the cooling. In a compa-

rative trial it was however found, that considerably more

ammonia was produced, when a mixture was cooled in con-

tact with the atmosphere, than when it was cooled in contact

with the gas developed in the operation.

I shall not attempt to draw any conclusions from these

processes. It would appear from some experiments of M.

Berthollet, that nitrogen e adheres very strongly to char-

coal.* The circumstances that the ammonia ceases to be

produced after a certain number of operations, and that the

quantity is much greater when free nitrogene is present, are

perhaps against the idea that nitrogene is composed in the

prodess. But till the weights of the substances concerned

and produced in these operations are compared, no correct

decision on the question can be made.

The experiments of Dr. Priestley upon the production of

nitrogene, during the freezing of water, induced that philo-

* Mem. d’Arcueil, Torn. II. page 485.
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sopher to conceive, either that water was capable of being

converted into nitrogene, or that it contained much more

nitrogene than is usually suspected.

I have made some repetitions of his processes. A quantity

of water,
(
about a cubical inch and a quarter,

)
that had been

produced from snow, boiled and inverted over mercury whilst

hot, was converted into ice, and thawed in 16 successive ope-

rations
;
gas was produced, but after the first three or four

times of freezing, there was no notable increase of the volume.

At the end of the experiment, about T
r- of a cubical inch was

obtained, which proved to be common air.

About four cubical inches of water from melted snow were

converted into ice and thawed, four successive times in a

conical vessel of wrought iron. At the end of the fourth

process, the volume of gas equalled about -- of the volume

of the water. It proved to contain about T
r- oxygene, ^ hy-

drogene, and nitrogene.

Mr. Kirwan observed the fact that when nitrous gas, and

sulphuretted hydrogene, are kept in contact for some time,

there is a great diminution of volume, and that the nitrous

gas becomes converted into nitrous oxide, and that sulphur is

deposited which has an ammoniacal smell. I repeated this

experiment several times in 1800 with similar results, and I

found, that the diminution of the volume of the gasses when

they were mixed in equal proportions, was to rather less than

1, which seemed to be nitrous oxide.

In reasoning upon this phenomenon, I saw grounds for a

minute investigation of it. Sulphuretted hydrogene, as appears

from experiments which I have stated on a former occasion,

and from some that I shall detail towards the conclusion of
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this lecture, contains a volume of hvdrogene, equal to its

own. But one of hydrogene demands half its volume of

oxygene to convert it into water, and nitrous gas consists of

about half a part in volume of oxygene ; so that supposing the

whole of the hydrogene employed in absorbing oxygene

from nitrous gas, nitrogene alone ought to be formed, and

not nitrous oxide. Or, if the whole of the gas is nitrous oxide,

this should contain all the nitrogene of the nitrous gas, leaving

none to be supplied to the ammonia. I mixed together five

cubical inches of nitrous gas, and five of sulphuretted hydro-

gene over mercury, the barometer being at 29.5'*', thermo-

meter at 51
0 Fahrenheit; twelve hours had elapsed before

any change was perceived
;
there was then a whitish precipitate

formed, and a deep yellow liquid began to appear in drops, on

the inside of thejar, and the volume of the gasses quickly dimi-

nished ;
after two days the diminution ceased, and the volume

became stationary.; the barometer was at 30.45
in

-, and ther-

mometer 52 0 Fahrenheit
;
when it equalled 2.3. The gas

proved to be about \ nitrous oxide, and the remaining fourth

was inflammable. An experiment was made expressly to

determine the nature of the deep yellow liquid in the jar.

It proved to be of the same kind as Boyle’s fuming liquor,

the hydrosulphuret of ammonia, but with sulphur in great

excess.

In this experiment there was evidently no formation of

nitrogene, and these complicated changes, ended in the pro-

duction of two new compounds
; nitrogene, hydrogene

;

oxygene and sulphur combining to form one
;
and a part of

the nitrogene and oxygene, becoming more condensed, to

form another.
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Having stated the results of the investigation on the pro-

duction of nitrous acid and of ammonia, in various processes of

chemistry, I shall notice some attempts that I made to de-

compound nitrogene, by agents which I conceived might act

at the same time on oxygene, and on the basis of nitrogene.

Potassium, as I have before stated, sublimes in nitrogene,

without altering it, or being itself changed : but I thought it

possible, that the case might be different, if this powerful

agent were made to act upon nitrogene, assisted by the in-

tense heat and decomposing energy of Voltaic electricity.

I had an apparatus made, by which the Voltaic circuit

could be completed in nitrogene gas, confined by mercury,

by means of potassium and platina. The potassium, in the

quantity of about two or three grains, was placed in a cup

of platina, and by contact with a wire of platina, it could be

fused and sublimed in the gas. The quantity of nitrogene,

was usually about a cubical inch. The battery employed

was always in full action for these experiments, and con-

sisted of one thousand double plates. The phenomena were

very brilliant; as soon as the contact with the potassium was

made there was always a bright light, so intense as to be

painful to the eye ; the platina became white hot
;
the potas-

sium rose in vapour; and by increasing the distance of the

cup from the wire, the electricity passed through the vapour

of the potassium, producing a most brilliant flame, of from

half an inch to an inch and a quarter in length; and the

vapour seemed to combine with the platina, which was thrown

off in small globules in a state of fusion, producing an ap-

pearance similar to that produced by the combustion of iron

in oxygene gas.
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In all trials of this kind, hydrogene was produced
; and in

some of them there was a loss of nitrogene. This at first

seemed to lead to the inference that nitrogene is decom-

pounded in the process ;
but I found that, in proportion as the

potassium was introduced more free from a crust of potash,

which would furnish water and consequently hydrogene in the

experiment, so in proportion was there less of this gas evolved

;

and in a case in which the greatest precautions were taken, the

quantity did not equal | of the volume of gas, and there was

no sensible quantity of nitrogene lost.

The largest proportion of nitrogene which disappeared in

any experiment, was ~ of the quantity used ; but in this

case the crust of potash was considerable, and a volume of

hydrogene, nearly equal to £ of the nitrogene, was produced.

It cannot be said, that the nitrogene is not decomposed in this

operation ;
but it seems much more likely that the slight loss

is owing to its combination with nascent hydrogene, and

its being separated with the potassium in the form of the

gray pyrophoric sublimate, which I have found is always pro-

duced, when potassium is electrized and converted into vapour

in ammonia.

The phosphuret of lime in its common state, is a conductor

of electricity ;
and when it was made the medium of commu-

nication between the wires of the great battery, it burnt with

a most intense light. It was ignited to whiteness in nitrogene

gas ; a little phosphuretted hydrogene was given off from it,

but the nitrogene was not altered ; the apparatus was similar

to that used for the potassium.

As almost all compounds known to contain hydrogene, are

readily decomposed by oxymuriatic acid gas, a mixture was
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of nitrogene and oxymuriatic add gas, was passed through a

porcelain tube heated to whiteness
;
the products were received

in a pneumatic apparatus over water, there was a small loss

of nitrogene ;
but the greatest part came over densely clouded,

and as nitromuriatic acid was found dissolved in the water, no

conclusions concerning the decomposition of nitrogene can be

drawn from the process.

The general tenour of these enquiries cannot be considered

as strengthening in any considerable degree, the suspicion

which I formed of the decomposition of nitrogene, by the

distillation of the olive coloured substance from potassium

and ammonia, in tubes of iron.

In reasoning closely upon the phenomena in this operation,

it appears to me indeed possible to account for the loss of

nitrogene, without assuming that it has been converted into

new matter. Though the iron tubes which I used, were care-

fully cleaned
;
yet still it was not unlikely that a small quan-

tity of oxide might adhere to the welded parts ; the oxygene

of which, in the beginning of the process of distillation, might

form water with hydrogene, given off from the fusible sub-

stance ;
which being condensed in the upper part of the tube

;

would be again brought into action towards the close of the

operation, occasioning the formation, and possibly the absorp-

tion of some ammonia, and consequently a loss of nitrogene,

and the production of an increased proportion of hydrogene. I

have made one experiment, with the hopes of deciding this

question, in an iron tube used immediately after the whole in-

ternal surface had been cleaned by the borer ;
six grains of

potassium were used in a tray of iron, nearly thirteen cubical

inches of ammonia were absorbed, -and about six of hydro-

mdcccx. H



50 Mr. Davy's Experiments on

gene produced. Thirteen cubical inches of gas, were evolved

in the first operation ; which consisted of nearly 1 cubical inch

of ammonia, 4 of nitrogene, and 8 of hydrogene. The por-

tion of gas given off in the second operation, equalled 3 .6

cubical inches
; which consisted of 2.5 hydrogene, and 1.1

nitrogene. The potassium produced in the operation, was

sufficient to generate 3.1 cubical inches of hydrogene.

As the iron in these experiments had been heated to intense

whiteness, and must have been very soft
; it was not impossi-

ble, considering the recent experiments of M. Hassenfratz,*

that the loss of so large a portion of potassium, might depend

upon an intimate union of that body with iron, and its pene-

tration into the substance of the tube. This idea is counte-

nanced by another experiment of the same kind, in which the

heat was raised to whiteness, and the barrel cut into pieces

when cool : on examining the lower part of it, I found in it a very

thin film of potash
;
but which I conceive, could scarcely equal

a grain in weight. The pieces of the barrel were introduced

under a jar inverted in water ; at the end of two days nearly

2.3 cubical inches of hydrogene were found to be generated.

In the experiments detailed in page 53 of the last volume

of the Transactions, a loss of nitrogene, and a production of

hydrogene was perceived in a case in which the residuum

from a portion of fusible substance, which had been exposed

to a low red heat, was distilled in a tube of platina
;
but in this

case the residuum had been covered by naptha, and it is pos-

sible that ammonia might have been regenerated by hydro-

gene from the naptha, and absorbed by that fluid
;
and apart

of the hydrogene might likewise proceed from the decompo-

* Journal des Mines. Avrili8o8.p 275,
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sition of the naphtha ; and in several experiments in which I

have burnt the entire fusible substance, I have found no loss

of nitrogene.

Even the considerable excess of hydrogene, and deficiency

of nitrogene, in the processes in which the fusible substance is

distilled with a new quantity of potassium, page 451, it is pos-

sible to refer to the larger quantity of moisture, which must

be absorbed by the fusible substance from the air, during the

time occupied in attaching the potassium to the tray, and like-

wise from the moisture adhering to the crust of potash, which

always forms upon the potassium, during its exposure to air.

These objections are the strongest that occur to me, against

the mode of explaining the phaenomena by supposing nitro-

gene decomposed in the operation ;
but they cannot be con-

sidered as decisive on this complicated and obscure question,

and the opposite view may be easily defended.

Though I have already laid before the Society, a number

of experiments upon the decomposition of ammonia, yet 1

shall not hesitate to detail some further operations which

have been conducted according to new views of the subject.

1 concluded from the loss of weight taking place in

the electrical analysis of apimonia, that water or oxygene wras

probably separated in this operation ;
but I was aware that

objections might be made to this mode of accounting for the

phenomenon.

The experiment of producing an amalgam from ammonia,

which regenerated volatile alkali, apparently by oxidation,

confirmed the notion of the existence of oxygene in this sub-

stance, at the same time it led to the suspicion, that of the two

gasses separated by electricity, one, or perhaps both, might

H 3



52 Mr. Davy's Experiments on

contain metallic matter united to oxygene : and the results of

the distillation of the fusible substance, from potassium and

ammonia, notwithstanding the objections I have made, can

perhaps be explained on such a supposition.

I have made a number of experiments upon the decompo-

sition of considerable quantities of ammonia, both by Voltaic

and common electricity ; and I have used an apparatus (of

which a figure is attached to this paper,
)
in which nothing was

present but the gas, the metals for conveying the electricity,

and glass. The ammonia was introduced by a stopcock which

was cleared of common air, into a globe that was exhausted,

after being filled two or three times with ammonia : the gas

that was used was absolutely pure, the decomposition was

performed without any possibility of change in the volume of

the elastic matter, and the apparatus was such, that the gas

could be exposed to afreezing mixture, and the whole weighed

before, and after the experiment.

The object in keeping the volume the same during the de-

composition, was to produce the condensation of any aqueous

vapour, which if formed in small quantity in the operation,

(on the theory of the mechanical diffusion of vapour in

gasses,) might in the common case of decomposition, under

the usual pressure, be in quantity nearly twice as much in the

hydrogene and nitrogene, as in the ammonia.

In all instances it was found, that there was no loss of

weight of the apparatus, nor was there any deposition of

moisture, during or after the electrization
;
but the wires were

uniformly tarnished ;
and in an experiment in which surfaces

of brass were used, a small quantity of olive coloured matter

formed on the metal, but though in this case nearly 8 cubical
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inches of ammonia were decomposed, the weight of the oxi-

dated matter was so minute as to be scarcely sensible. By the

use of a freezing mixture of muriate of lime and ice, which

diminished the temperature to — 15
0
, there was a very feeble

indication given of the addition of hygrometrical moisture.

In these experiments the increase of the gas was uniformly

(within a range of five parts,) from 10c to 185, and the hy-

drogene was to the nitrogene, in the average proportions of

from 73.74 to 27.26 ;
the proper corrections being made, and

the precautions before referred to, being taken.*

Assuming the common estimations of the specific gravity

of ammonia, of hydrogene, and nitrogene, the conclusions

which I have advanced in the Bakerian lecture for 1807,

would be supported by these new experiments, but as the

* Philosophical Transactions 1809, page 459. M. Bsrthollet, Jun. in the

second volume of the Memoirs of Arcueil, has given a paper on the decomposition of

ammonia, and he enters into an examination of my idea of the oxygene, separated in

the electrical decomposition of ammonia, which he supposes I rate at 20 per cent, and

at the same time he confutes some experiments which he is pleased to attribute to me, of

the combustion of charcoal and iron in ammonia. His arguments and his facts upon

these points, appear to me perfectly conclusive ; but as I never formed such an

opinion, as that 20 of oxygene were separated in the experiment, and never imagined

such results as the combustion of iron and charcoal in ammonia, and never published

any thing which could receive such an interpretation, I shall not enter into any cri-

ticism on this part of his paper. The experiments of this ingenious chemist on the

direct decomposition of ammonia,seem to have been conducted with much care, except

as to the circumstance of his not boiling the quicksilver ; which 1 conceive has occa-

sioned him to over-rate the increase of volume. At all events a loss of weight is more

to be expected than an increase of weight, in all very refined experiments of this kind.

It is possible that the volume may be exactly doubled, and that the nitrogene may be

to the hydrogene as one to three ; but, neither the numerous experiments of Dr.

IIenrv, nor those that I have tried, establish this; it is one of the hypothetical

inferences that may be made, but it cannot be regarded as an absolute tact.
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moisture and oxygene visibly separated, cannot be conceived

to be as much as T
r

T or ~ of the weight of the ammonia
; I

resolved to investigate more precisely, than I had reason to

think had been hitherto done, the specific gravities of the

gasses concerned in their dry state
;
and the very delicate

balance belonging to the Royal Institution, placed the means

of doing this in my power.

Nitrogene, hydrogene, and ammonia, were dried by a long

continued exposure to potash, and were very carefully

weighed. Their relative specific gravities proved to be at

30.5*°' barometer, 51
0
Fahrenheit’s thermometer.

For nitrogene, the 100 cubical inches - - 29.8 grains.

For hydrogene, ditto. - - - 2.27

For ammonia - - - 18.4

Now, if these data be calculated upon, it will be found, that

in the decomposition of 100 of ammonia, taking even the

largest proportions of gasses evolved
;
there is a loss of —g,*

and if the smallest proportion be taken the loss will be

nearly T
r-.

These results and calculations agree with those that I have

before given, and with those of Dr. Henry.

The lately discovered facts in chemistry, concerning the

important modifications which bodies may undergo by very

slight additions or subtractions of new matter, ought to ren-

der us cautious in deciding upon the nature of the process of

the electrical decomposition of ammonia.

* 100 of ammonia at the rate of 185, will give 136.9 of hydrogene, weighing 3.1

grains, and 48.1 of nitrogene weighing 14.33 grains ; but 18.4™ 17.4 ra 1, and at

the rate of 180, 133 of hydrogene weighing 3.01 and 47 of nitrogene, weighing 14

and 18.4 — 17 — 1.4.
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,

It ispossible, that the minute quantity of oxygene which ap-

pears to be separated is not accidental, but a result of the

decomposition ;
and if hydrogene and nitrogene be both

oxides of the same basis, the possibility of the production of

different proportions of water, in different operations, might

account for the variations observed in some cases in their re-

lative proportions ;
but on the whole, the idea that ammonia is

decomposed into hydrogene and nitrogene alone, by electricity,

and that the loss of weight, is no more than is to be expected

in processes of so delicate a kind, is in my opinion, the most

defensible view of the subject.

But if ammonia be capable of decomposition into nitrogene

and hydrogene, what, it will be asked, is the nature of the

matter existing in the amalgam of ammonia ? what is the

metallic basis of the volatile alkali ? These are questions,

intimately connected with the whole of the arrangements of

chemistry ;
and they are questions, which, as our instru-

ments of experiment now exist, it will not, I fear, be easy to

solve.

I have stated in my former communication on the amalgam

from ammonia, that under all the common circumstances of its

production, it seems to preserve a quantity of water adhering

to it, which may be conceived to be sufficient to oxidate the

metal, and to reproduce the ammonia.

I have tried various devices with the hopes of being able to

form it from ammonia in a dry state, but without success.

Neither the amalgams of potassium, sodium, or barium, pro-

duce it in ammoniacal gas ; and when they are heated with

muriate of ammonia, unless the salt is moist, there is no

metallization of the alkali.
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l have acted upon ammonia by different metallic amalgams

negatively electrified, such as the amalgams ofgold and silver,

the amalgam of zinc, and the liquid amalgam of bismuth and

lead
;
but in all these cases the effect was less distinct, than

when pure mercury was used.

By exposing the mercury to a cold of —so
9
Fahrenheit,

in a close tube, I have succeeded in obtaining an amalgam in a

much more solid state
;
yet this decomposed nearly as rapidly

as the common amalgam, but it gave off' much more gaseous

matter
;
and in one instance I obtained a quantity which was

nearly equal to six times its volume.

The amalgam which I have reason to believe can be made

most free from adhering moisture
,
is that of potassium, mercury,

and ammonium in a solid state. This, as I have mentioned

in my former communication, decomposes very slowly, even

in contact with water, and when it has been carefully wiped

with bibulous paper, bears a considerable heat without altera-

tion. I have lately made several new attempts to distil the

ammonium from it, but without success. When it is strongly

heated in a green glass tube filled with hydrogene gas,

there is always a partial regeneration of ammonia
; but

with this ammonia there is from p- to of hydrogene

produced.

As it does not seem possible to obtain an amalgam in an uni-

form state, as to adhering moisture, it is not easy to say what

would be the exact ratio between the hydrogene and ammonia

produced, if no more water was present, than would be decom-

posed in oxidating the basis. But in the most refined experi-

ments which I have been able to make, this ratio is that of one

to two ; and in no instance in which proper precautions are
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taken, is it less ; but under common circumstances often

more. If this result is taken as accurate, then it would follow,

that ammonia (supposing it to be an oxide,) must contain

about 48 per cent, of oxygene, which, as will be hereafter

seen, will agree with the relations of the attractions of this

alkali for acids, to those of other salifiable bases.*

Ifhydrogene be supposed to be a simple body, and nitrogene

an oxide, then on the hypothesis above stated, nitrogene

would consist of nearly 48 of oxygene, and 34 of basis
; but

if the opinion be adopted, that hydrogene and nitrogene are

both oxides of the same metal, then the quantity of oxygene

in nitrogene, must be supposed less.

These views are the most obvious that can be formed, on

the antiphlogistic hypothesis of the nature of metallic sub-

stances ; but if the facts concerning ammonia were to be

reasoned upon, independently of the other general phceno-

mena of chemical science, they perhaps might be more easily

explained on the notion of nitrogene being a basis, whicli

became alkaline, by combining with one portion of hydrogene,

and metallic, by combining with a greater proportion.

* Even in common air, the amalgam evolves hydrogene and ammonia, nearly in these

proportions, and in one experiment which I lately tried, there seemed to be no absorp-

tion of oxygene from the atmosphere. This circumstance appears to me in favour of

the antiphlogistic view of the metallization of the volatile alkali ; for if the hydrogene

be supposed to be given off from the mercury, and not to arise from the decomposition

of water adhering to the amalgam, it might be conceived, that being in the nascent

state, it would rapidly absorb oxygene. In my first experiments upon the amalgam,

finding that common air to which it had been exposed, gave less diminution with ni-

trous gas than before, I concluded naturally, that oxygene had been absorbed ; but

this difference might have arisen partly at least, from the mixture of hydroger.e.

Whether in any case tire amalgam absorbs oxygene gas, is a question for further

investigation.

MDCCCX. I
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The solution of the question concerning the quantity of

matter added to the mercury in the formation of the amalgam,

depends upon this discussion
;
for if the phlogistic view of

the subject be adopted, the amalgam must be supposed to con-

tain nearly twice as much matter, as it is conceived to contain

on the hypothesis of deoxygenation. In the last Bakerian lec-

ture, I have rated the proportion at T-i~, but this is the least

quantity that can be assumed, the mercury being supposed to

give off only one and a half its volume of ammonia. If

the proportion stated in page 56, be taken as the basis of cal-

culation, which is the maximum that I have obtained, the

amalgam would contain about ytoo new matter, on the

antiphlogistic view, and about on the phlogistic view.

I shall have occasion to recur to, and to discuss more fully

these ideas, and I shall conclude this section by stating, that

though the researches on the decomposition, and compo-

sition of nitrogene, which have occupied so large a space in

the foregoing pages, have been negative, as to the primary ob-

ject, yet they may not possibly be devoid of useful applications.

It does not seem improbable, that the passage of steam over

hot manganese, may be applied to the manufacture of nitrous

acid. And there is reason to believe that the ignition of char-

coal and potash, and their exposure to water, may be advanta-

geously applied to the production of volatile alkali, in countries

where fuel is cheap.

IV. On the Metals of Earths ..

I have tried a number of experiments with the hopes of

gaining the same distinct evidences of the decomposition of
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the common earths, as those afforded by the electrochemicai

processes on the alkalies, and the alkaline earths.

I find that when iron wire ignited to whiteness, by the

power of 3000 double plates, is negatively electrified and fused

in contact with either silex, alumine or glucine, slightly

moistened and placed in hydrogene gas ; the iron becomes

brittle and whiter, and affords by solution in acids, an earth

of the same kind, as that which has been employed in the

experiment.

I have passed potassium in vapour through each of these

earths, heated to whiteness in a platina tube : the results

were remarkable, and perhaps not unworthy of being fully

detailed.

When silex was employed, being in the proportion of

about ten grains to four of potassium, no gas was evolved,

except the common air of the tube mingled with a little inflam-

mable gas, not more than might be referred to the moisture

in the crust of alkali, formed upon the potassium. The potas-

sium* was entirely destroyed
; and glass with excess of alkali,

was formed in the lower part of the tube
; when this glass

was powdered, it exhibited dark specks, having a dull metallic

character not unlike that of the protoxide of iron. When the

mixture was thrown into water, there was only a very slight

effervescence ; but on the addition of muriatic acid to the

* The results of this experiment, are opposed to the idea that potassium is a com-

pound of hydrogene and potash or its basis, for if so, it might be expected that the

hydrogene would be disengaged by the attraction of the alkali for silex. In my first

experiments on this combination, I operated in an apparatus connected with water,

and 1 found that the potassium produced as much hydrogene as if it had been made to

act upon water ; in this case the metal had rapidly decomposed the vapour of the

water, which must have been constantly supplied.

I 2
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water, globules of gas were slowly liberated, and the effect

continued for nearly an hour ; so that there is great reason to

believe, that the silex had been either entirely or partially

deoxygenated, and was slowly reproduced by the action of the

water, assisted by the slight attraction of the acid for the earth.

When the potassium was in the quantity of six grains, and

the silex of four grains, a part of the result inflamed spon-

taneously as it was taken out of the tube, though the tube

was quite cool, and left as the result of its combustion, alkali

and silex. The part which did not inflame, was similar in

character to the matter which has been just described, it did

not act upon water, but effervesced with muriatic acid.

Potassium in acting upon alumine and glucine, produced

more hydrogene than could be ascribed to the moisture

present in the crust of potash
;
from which it seems probable

that even after ignition, water adheres to these earths.

The results of the action of the potassium, were pyrophoric

substances of a dark gray colour, which burnt, throwing off

brilliant sparks,* and leaving behind alkali and earth, and

which hissed violently when thrown upon water, decomposing

it with great violence. I examined the products in two expe-

riments, one on alumine, and one on glucine, in which naphtha

was introduced into the platina tube, to prevent combustion
;

the masses were very friable, and presented small metallic

particles, which were as soft as potassium, but so small that

they could not be separated, so as to be more minutely exa-

mined ; they melted in boiling naphtha. Either a part of the

* The pyrophorus from alum, which I have supposed in the last Bakerian lecture,

to be a compound of potassium, sulphur, and charcoal, probably contains this sub»

stance likewise.
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potassium must have been employed in decomposing the

earths in these experiments, or it had entered into combination

with them, which is unlikely, and contrary to analogy, and

opposed by some experiments which will be immediately

related.

Supposing the metals of the earths, to be produced in experi-

ments of this kind, there was great reason to expect that they

might be alloyed with the common metals, as well as with po-

tassium. Mercury was the only substance which it was safe to

try in the tube of platina. In all cases in which the potassium

was in excess, I obtained amalgams by introducing mercury,

whilst the tube was hot; but the alkaline metal gave the

characters to the amalgam, and though in the case of glucine

and alumine, a white matter separated during the action of

very weak muriatic acid upon the amalgam, yet I could not

be entirely satisfied that there was any of the metals of these

earths in triple combination.

Mixtures of the earths with potassium, intensely ignited in

contact with iron filings, and covered with iron filings in a clay

crucible, gave much more distinct results. Whether silex,

alumine, or glucine was used, there was always a fused mass

in the centre of the crucible ;
and this mass had perfectly

metallic characters. It was in all cases much whiter and

harder than iron. In the instance in which silex was used, it

broke under the hammer, and exhibited a crystaline texture.

The alloys from alumine and glucine, were imperfectly mal-

leable. Each afforded by solution in acids, evaporation, and

treatment with re-agents oxide of iron, alkali, and notable

quantities of the earth employed in the experiment.

Though I could not procure decided evidences of the pro-
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duction of an amalgam, from the metals of the common

earths, yet I succeeded perfectly by the same method of ope-

rating, in making amalgams of the alkaline earths.

By passing potassium through lime and magnesia, and then

introducing mercury, I obtained solid amalgams, which con-

sisted of potassium, the metal of the earth employed, and

mercury.

The amalgam from magnesia, was easily deprived of its

potassium by the action of water. It then appeared as a solid

white metallic mass, which by exposure to the air became

covered with a dry white powder, and which when acted upon

by weak muriatic acid, gave offhydrogene gas in considerable

quantities, and produced a solution of magnesia.

By operations performed in this manner, there is good rea-

son to believe, it will be possible to procure quantities of the

metals of the alkaline earths, sufficient for determining their

nature and agencies, and the quantities of oxygene which they

absorb
;
and by the solution of the alloys containing the

metals of the common earths, it seems probable, that the

proportions of metallic matter in these bodies, may likewise

be ascertained.

On an hypothesis which I have before brought before the

Society, namely, that the power of chemical attraction and

electrical action, may be different exhibitions of the same

property of matter, and that oxygene and inflammable bodies,

are in relations of attraction which correspond to the function

of being negative and positive respectively, it would follow

that the attractions of acids for salifiable bases, would be in-

versely, as the quantity of oxygene that they contain, and

supposing the power of attraction to be measured by the
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quantity of basis which an acid dissolves, it would be easy to

infer the quantities of oxygene and metallic matter from the

quantities of acid and of basis in a neutral salt. On this idea I

had early in 1808, concluded that barytes must contain least

oxygene of all the earths, and that the order as to the quan-

tity of inflammable matter, must be strontites, potash, soda,

lime, and so on
;

and that silex must contain the largest

quantity of oxygene of all.

If the most accurate analyses be taken, barytes may be

conceived to contain about 90.5 * of metal per cent, strontites

8b,f lime 73.5,* magnesia, 66.J

The same proportions would follow from an application of

Mr. Dalton’s ingenious supposition, §, that the proportion of

* Mr. James Thompson, Nicholson’s Journal, 1809, p. 175, and Bkrthikr.

f Mr. Clayfjeld Thomson’s Chemistry, Vol. II. p. 626, 629.

\ Murray’s Chemistry, Vol. III. p. 616.

§ The principle that I have stated of the affinity of an acid for a salifiable basis

being inversely, as the quantity ofoxygene contained by the basis, though gained from

the comparison of the electrical relations of the earths, with their chemical affinities,

in its numerical applications, must be considered merely as a consequence of Mr.

Dalton’s law of general proportions. Mr. Dalton had indeed, in the spring of 1808,

communicated to me a series of proportions for the alkalies and alkaline earths; which

in the case of the alkalies, were not very remote from what I had ascertained by direct

experiments. M Gay Lussac’s principle, that the quantity of acid in metallic salts

is directly as the quantity of oxygene, might (as far as it is correct) be inferred from

Mr. Dalton's law, though this ingenious chemist states that he was led to it by

different considerations. According to Mr. Dalton, there is a proportion of oxy-

gene. the same in all protoxides, and there is a proportion of acid, the same in all

neutral salts; and new proportions of oxygene and of acid, are always multiples of

these proportions. So that if a protoxide in becoming a deutoxide, takes up more

acid, it will beat least double the quantity, and in these cases, the oxygene will be

strictly is the acid. Mr. Dalton’s law even provides for cases to which M. Gay
Lussic’s will not apply, a deutoxide may combine with a single quantity of acid,

or a protoxide with a double quantity. Thus in the insoluble oxysulphat of iron per-
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oxygene is the same in all protoxides, and that the quantity

of acid is the same in all neutral salts, i. e. that every neutral

salt is composed of one particle of metal, one of oxygene, and

one of acid.

We are in possession of no accurate experiments on the

quantity of acids required to dissolve alumine, glucine, and

silex ;
but according to Richter’s estimation of the compo-

sition* of phosphate of alumine, alumine would appear to con-

tain about 56 per cent, of metallic matter.

M. Berzelius,-f in a letter which I received from him a few

months ago, states, that in making an analysis of cast iron, he

found that it contained the metal of silex, and that this metal

in being oxidated took up nearly half its weight of oxygene.

If the composition of ammonia be calculated upon, accord-

ing to the principle above stated, it ought to consist of 53 of

metallic matter, and about 47 £ of oxygene, which agrees

very nearly with the quantity of hydrogene and ammonia pro-

duced from the amalgam.

Though the early chemists considered the earths and the

fectly formed, (as some experiments which I have lately made, seem to shew,) there

is probably only a single proportion of acid ; and in the super-tartrite of potash there

is only a single quantity of oxygene, and a double quantity of acid. Whether Mr.

Dalton’s law will apply to all eases, is a question which I shall not in this place

attempt to discuss.

* Thomson’s Chemistry, Vol. II. p, 581.

f In the same communication this able chemist informed me, that he had suc-

ceeded in decomposing the earths, by igniting them strongly with iron and charcoal.

J I take the proportions of the volumes from the very curious paper of M. Gay

LussAC,on the combinations of gaseous bodies, Mem. d’Arcueil, Tom. II. page 213,

and the weights from my own estimation, according to which 100 cubic inches of

muriatic acid gas weigh 39 grains, at the mean temperature and pressure, which is very

nearly the same as the weight given by MM. Gay Lussac, and Thenard.
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metallic oxides as belonging to the same class of bodies, and

the earths as calces which they had not found the means of

combining with phlogiston, and though Lavoisier insisted

upon this analogy with his usual sagacity, yet still the alkalies,

earths, and oxides, have been generally considered as separate

natural orders. The earths, it has been said, are not precipi-

tated by the triple prussiates, or by the solutions of galls
;

*

and the alkalies and alkaline earths, are both distinguished by

their solubility in water
;
but if such characters be admitted

as grounds of distinct classification, the common metals must

be arranged under many different divisions
; and the more

the subject is inquired into, the more distinct will the general

relations of all metallic substances appear. The alkalies and

alkaline earths combine with prussic acid, and form compounds

of different degrees of solubility
; and solutions of barytes ( as

has been shewn by Dr. Henry and M. Guyton,) precipitate

the triple prussiate of potash ; the power of combination is

general, but the compounds formed, are soluble in different

degrees in water. The case is analogous with solutions of galls

;

these, as I have mentioned in a paper published in the Philoso-

phical Transactions for 1805, are precipitated by almost all

neutrosaline solutions ; and they form compounds more or

less soluble in water, more or less coloured, and differently

coloured with all salifiable bases. It is needless to dwell upon

the combinations of the alkalies and earths, with oils, to form

soaps ;
and of the earthy soaps, some are equally insoluble

with the metallic soaps. The oxide of tin, and other oxides

abounding in oxygene, approach very near in their general

characters to zircon, silex, and alumine ; and in habits of

* Klaproth. Annales de Chimie. Tom. X. p. z77.

MDCCCX. K
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amalgamation, and of alloy, how near do the metals of the

alkalies approach to the lightest class of oxidable metals ?

It will be unnecessary, I trust, to pursue these analogies any

further, and I shall conclude this section by a few remarks on

the alloys of the metals of the common earths.

It is probable that these alloys may be formed in many

metallurgical operations, and that small quantities of them

may influence materially the properties of the compound, in

which they exist.

In the conversion of cast into malleable iron, by the pro-

cess of blooming, a considerable quantity of glass separates,

which, as far as I have been able to determine, from a coarse

examination, is principally silex, alumine, and lime, vitrified

with oxide of iron.

Cast iron from a particular spot will make only cold short

iron ;
whilst, from another spot, it will make hot short; but

by a combination of the two in due proportions, good iron is

produced
;
may not this be owing to the circumstance of their

containing different metals of the earths, which in compound

alloy, may be more oxidable than in simple alloys, and may

be more easily separated by combustion?

Copper, M. Berzelius informs me, is hardened by silicium.

In some experiments that I made on the action of potassium

and iron on silex, the iron, as I have mentioned before, was

rendered white, and very hard and brittle, but it did not seem

to be more oxidable. Researches upon this subject do not

appear unworthy of pursuit, and they may possibly tend to

improve some of our most important manufactures, and give

new instruments to the useful arts.
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V. Some Considerations of Theory illustrated by new Facts.

Hydrogene is the body which combines with the largest

proportion of oxygene, and yet it forms with it a neutral

compound. This on the hypothesis of electrical energy would

shew, that it must be much more highly positive than any

other substance ; and therefore, if it be an oxide, it is not likely

that it should be deprived of oxygene by any simple chemical

attractions. The fact of its forming a substance approaching

to an acid in its nature, when combined with a metallic sub-

stance, tellurium, is opposed to the idea of its being a gaseous

metal, and perhaps to the idea that it is simple, or that it exists

in its common form in the amalgam of ammonium. The

phenomena presented by sulphuretted hydrogene, are of the

same kind, and lead to similar conclusions.

Muriatic acid gas, as I have shewn, and as is further proved

by the researches of MM. Gay Lussac and Thenard, is a

compound of a body unknown in a separate state, and water.

The water, I believe, cannot be decompounded, unless a

new combination is formed ; thus it is not changed by char-

coal ignited in the gas by Voltaic electricity
; but it is decom-

pounded by all the metals ; and in these cases hydrogene is

elicited, in a manner similar to that in which one metal is

precipitated by another ;
the oxygene being found in the new

compound. This at first view, might be supposed in favour

of the idea, that hydrogene is a simple substance
;
but the

same reasoning may be applied to a protoxide as to a metal

;

and in the case of the nitromuriatic acid, when the nitrous acid

is decomposed to assist in the formation of a metallic muriate,

the body disengaged (nitrous gas,) is known to be in a high

state of oxygenation.

Ks
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That nitrogene is not a metal in the form of gas, is almost

demonstrated by the nature of the fusible substance from am-

monia, and (even supposing no reference to be made to the

experiments detailed in this paper,) the general analogy of

chemistry would lead to the notion of its being compounded.

Should it be established by future researches that hydro-

gene is a protoxide of ammonium, ammonia a deutoxide, and

nitrogene a tritoxide of the same metal, the theory of chemis-

try would attain a happy simplicity, and the existing arrange-

ments would harmonize with all the new facts. The class of

pure inflammable bases, would be metals capable of alloying

with each other, and of combining with protoxides. Some of

the bases would be known only in combination, those of sul-

phur, phosphorus,* and of the boracic, fluoric, and muriatic

acids
;
but the relations of their compounds would lead to the

* The electrization of sulphur and phosphorus, goes far to prove that they contain

combined hydrogene. From the phenomena of the action of potassium upon them in

my first experiments, 1 conceived that they contained oxygene, though as I have stated

in the appendix to the last Bakerian lecture, the effects may be explained on a different

supposition. The vividness of the ignition in the process, appeared an evidence in favour

of their containing oxygene, till I discovered that similar phaenomena were produced

by the combination of arsenic and tellurium with potassium In some late experiments

on the action of potassium on sulphur and phosphorus, and on sulphuretted hydrogene,

and on phosphnretted hydrogene, [ find that the phenomena differ very much ac-

cording to the circumstances of the experiment, and in some instances, I have obtained

a larger volume of gas from potassium after it had been exposed to the action of cer-

tain of these bodies, than it would have given alone. These experiments are still in

progress, and I shall soon lay an account of them before the Society. The idea of the

existence of oxygene in sulphur and phosphorus, is however still supported by various

analogies. Their being nonconductors of electricity is one argument in favour of this.

Potassium and sodium I find when heated in hydrogene, mixed with a small quantity

of atmospheric air, absorb both oxygene and hydrogene, and become nonconducting

inflammable bodies analogous to resinous and oily substances.
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suspicion of their being metallic. The salifiable bases might

be considered either as protoxides, deutoxides, or tritoxides :

and the general relations of salifiable matter, to acid matter,

might be supposed capable of being ascertained by their rela-

tions to oxygene, or by the peculiar state of their electrical

energy.

The whole tenour of the antiphlogistic doctrines, necessarily

points to such an order
;
but in considering the facts under

other points of view, solutions may be found, which if not so

simple, account for the phenomena, with at least equal facility.

If hydrogene, according to an hypothesis to which I have

often referred, be considered as the principle which gives

inflammability, and as the cause of metallization, then our list

of simple substances will include oxygene, hydrogene, and

unknown bases only; metals and inflammable solids will be

compounds of these bases, with hydrogene
;
the earths, the

fixed alkalies, metallic oxides, and the common acids, will be

compounds of the same bases, with water.

The strongest arguments in favour of this notion, in addition

to those I have before stated, which at present occur to me,

are, First. The properties which seem to be inherent in certain

bodies, and which are either developed or concealed, accord-

ing to the nature of their combinations. Thus sulphur, when

it is dissolved in water either in combination with hydrogene

or oxygene, uniformly manifests acid properties
;
and the same

quantity of sulphur, whether in combination with hydrogene,

whether in its simple form, or in combination with one pro-

portion of oxygene, or a double proportion, from my experi-

ments seems to combine with the same quantity of alkali.

Tellurium, whether in the state of oxide or of hydruret.
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seems to have the same tendency of combination with alkali

;

and the alkaline metals, and the acidifiable bases, act with the

greatest energy on each other.

Second. The facility with which metallic substances are

revived, in cases in which hydrogene is present. I placed

two platina wires, positively and negatively electrified from

500 double plates of 6 inches, in fused litharge
; there was

an effervescence at the positive side, and a black matter

separated at the negative side, but no lead was produced

;

though when litharge moistened with water was employed,

or a solution of lead, the metal rapidly formed; the difference

of conducting power may be supposed to produce some diffe-

rence of effect, yet the experiment is favourable to the idea,

that the presence of hydrogene, is essential to the production

of the metal.

Third. Oxygene and hydrogene are bodies that in all cases

seem to neutralize each other, and therefore in the products

ofcombustion, it might be expected that the natural energies of

the bases would be most distinctly displayed, which is the case
;

and in oxymuriatic acid, the acid energy seems to be blunted

by oxygene, and is restored by the addition of hydrogene.

In the action of potassium and sodium upon ammonia,

though the quantity of hydrogene evolved in my experiments

is not exactly the same, as that produced by their action upon

water
;
yet it is probable that this is caused by the imperfection

of the process ;* and supposing potassium and sodium to pro-

* There seems to be always the same proportion between the quantity of ammonia

which disappears, and the quantity of hydrogene evolved; i.e. whenever the metals of

the alkalies act upon ammonia, (supposing this body to be composed of 3 hydrogene,

and 1 of nitrogene, in volume, 2 of hydrogene and 1 of nitrogene remain in combi*
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duce the same quantity of hydrogene from ammonia and water,

the circumstance at first view, may be conceived favourable to

the notion, that they contain hydrogene, which under common
circumstances ofcombination, will be repellent to matter of the

same kind ; but this is a superficial consideration of the subject,

and the conclusion cannot be admitted ; for on the idea that in

compounds containing gaseous matter, and perhaps compounds

in general, the elements are combined in uniform proportions;

then whenever bodies known to contain hydrogene, are de-

composed by a metal, the quantities of hydrogene ought to be

the same, or multiples of each other. Thus in the decompo-

sition of ammonia by potassium and sodium, two of hydrogene,

and one of mtrogene remain in combination, and one of hy-

drogene is given off; and in the action of water on potassium

to form potash, the same quantity of hydrogene ought to be

expelled. From my analysis* of sulphuretted hydrogene, it

nation, and i of hydrogene is set free. And it may be adduced as a strong argument

in favour of the theory of definite proportions, that the quantity of the metals of the

alkalies and nitrogene, in the fusible results, are in the same proportions as those in

which they exist in the alkaline nitrates.

* The composition may be deduced from the experiments in the last Bakerian lec-

ture, which shew that it contains a volume of hydrogene equal to its own. If its

specific gravity be taken as 35 grains, for 100 cubical inches, then it will consist of

2.27 of hydrogene, and 32.73 of sulphur. When sulphuretted hydrogene is decomposed

by common electricity, in very refined experiments, there is a slight diminution of

volume, and the precipitated sulphur has a whitish tint, and probably contains a mi-

nute quantity of hydrogene. V/hen it is decomposed by Voltaic sparks, the sulphur

is precipitated in its common form, and there is no change of volume ; in the last

case the sulphur is probably ignited at the moment of its production. In some ex-

periments lately made in the laboratory of the Royal Institution, on arseniuretted and

phosphuretted hydrogene, it was found that when these gasses were decomposed by

electricity, there was no change in their volumes ; but neither the arsenic nor the

phosphorus seemed to be thrown down in their common states j the phosphorus was



73 Mr. Davy’s Experiments on

would appear, that if potassium in forming a combination with

this substance sets free hydrogene, it will be nearly the same

quantity as it would cause to be evolved from water. And if

the analysis of Mr. Proust and Mr. Hatchett, of the sul-

phuret of iron, be made a basis of calculation, iron, in attract-

ing sulphur from sulphuretted hydrogene, will liberate the

same proportion of hydrogene as during its solution in diluted

sulphuric acid; and taking Mr. Dalton’s law of proportion,

the case will be similar with respect to other metals : and if

such reasoning were to be adopted, as that metals are

proved to be compounds of hydrogene, because in acting upon

different combinations containing hydrogene, they produce

the evolution of equal proportions of this gas, then it might

be proved that almost any kind of matter is contained in any

other. The same quantity of potash, in acting upon either mu-

riate, sulphate, or nitrate of magnesia, will precipitate equal

quantities of magnesia
;
but it would be absurd to infer from

this, that potash contained magnesia, as one of its elements
;

the power of repelling one kind of matter, and of attracting

another kind, must be equally definite, and governed by the

same circumstances.

Potassium, sodium, iron, mercury, and all metals that I have

experimented upon, in acting upon muriatic acid gas, evolve

dark coloured, and the arsenic appeared as a brown powder, both were probably hy«

drurets ; this is confirmed likewise by the action of potassium upon arseniuretted, and

phosphuretted hydrogene ; when the metal is in smaller quantity than is sufficient to

decompose the whole of the gasses, there is always an expansion of volume ; so that

arseniuretted and phosphuretted hydrogene contain in equal volumes, more hydrogene

than sulphuretted hydrogene, probably half as much more, or twice as much more.

From some experiments made on the weights of phosphuretted and arseniuretted hy-

drogene, it would appear, that ioo cubic inches of the first weigh about io grains,

a£ the mean temperature and pressure, and too of the second about 15 grains.
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the same quantity of hydrogene, and ail form dry muriates ;

so that any theory of metallization, applicable to potash and

soda, must likewise apply to the common metallic oxides. If

we assume the existence of water in the potash, formed in

muriatic acid gas, we must likewise infer its existence in the

oxides of iron and mercury, produced in similar operations.

The solution of the general question concerning the presence

of hydrogene in all inflammable bodies, will undoubtedly be

influenced by the decision upon the nature of the amalgam

from ammonia and a matter of so much importance ought not

to be hastily decided upon. The difficulty of finding any mul-

tiple of the quantity of oxygene, which may be supposed to

exist in hydrogene, that might be applied to explain the com-

position of nitrogene from the same basis, is undoubtedly

against the simplest view of the subject. But still the phlogistic

explanation, that the metal of ammonia is merely a compound

of hydrogene and nitrogene ; or that a substance which is

metallic, can be composed from substances not in their own

nature metallic, is equally opposed to the general tenour of

our chemical reasonings.

I shall not at present, occupy the time of the Society, by

entering any further into these discussions
;
hypothesis can

scarcely be considered as of any value, except as leading to

new experiments ; and the objects in the novel field of elec-

trochemical research, have not been sufficiently examined, to

enable to decide upon their nature, and their relations, or to

form any general theory concerning them, which is likely to

be permanent.

4VIDCCCX. L
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Explanation of the Figures.

Fig. l. The apparatus for electrizing potassium in gasses.

A the glass tube. B the wire negatively electrified. C and D
the cup and wire positively electrified.

Fig. 2. The apparatus for decomposing water, out of the

contact of air, page 41. AA the cones containing the water.

BBB the tubes for conveying the gas. C and D the pneumatic

apparatus.

Fig. 3. The apparatus for decomposing, and recomposing

water under oil. CC the wires for communicating the Vol-

taic electricity. DD the wires for producing the explosion.

B the tube. A the vessel containing it. a. d. c. the level of the

different fluids.

Fig. 4. The apparatus for exposing water to the action of

ignited potash and charcoal, out of the contact of air. A the

tube for water. B the iron tube. C the receiver for the am-

monia. D the pneumatic apparatus.

Fig. 5. The apparatus for the decomposition of ammonia.

Fig. 6 , A Voltaic apparatus, being one of the 200 which

compose the new Voltaic battery of the Royal Institution.

For the construction of this battery, and of other instruments

applicable to new researches, a fund of upwards £1000. has

been raised by subscription, from members of the Royal

Institution. As yet, the whole combination has not been put

into action
;
but reasoning from the effects of that part of it

which have been used, some important phenomena may be

expected, from so great an accumulation of electrical power.
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III. The Case ofa Man , w/w died in consequence of the Bite of a

Rattle-snake ; with an Account of the Effects produced by the

Poison. By Everard Home, Esq . F.R.S .

Read December 21, 1809.

Opportunities of tracing the symptoms produced by the

bite of poisonous snakes, and ascertaining the local effects on

the human body when the bite proves fatal, are of such rare

occurrence, that no well described case of this kind, is to be

met with in any of the records that I have examined. I am
therefore induced to lay before this Society the following ac-

count, with the view of elucidating this subject, in which the

interests of humanity are so deeply concerned.

Thomas Soper, 26 years of age, of a spare habit, on the

17th of October 1809, went into the room in which two

healthy rattle snakes, brought from America in the preceding

summer, were exhibited. He teized one of them with the end

of a foot rule, but could not induce the snake to bite it, and

on the rule dropping out of his hand, he opened the door of

the cage to take it out ; .
the snake immediately darted at the

hand, and bit it twice in succession, making two wounds on

the back part of the first phalanx of the thumb, and two on

the side of the second joint of the fore finger. The snake is

between 4 and 5 feet long, and when much irritated bites the

object twice, which I believe snakes do not usually do.

The bite took place at half past two o'clock. He went

L 3
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immediately to Mr. Hanbury, a chemist in the neighbourhood.

There was at that time no swelling on the hand, and the man

was so incoherent in his language and behaviour, that Mr.

Hanbury considered him to be in a state of intoxication, and

gave him a dose of jalap to take off the effects of the liquor,

and made some slight application to the bites. It appeared on

enquiry, that the man had been drinking, but that before he

was bitten, there was nothing unusual in his behaviour. After

leaving Mr. Hanbury the hand began to swell, which alarmed

him, and he went to St. George’s hospital. He arrived there

at three o’clock. The wristband of his shirt had been un-

loosed, and the swelling had extended half way up the fore-

arm before his admission. The skin on the back of his hand

was very tense, and the part very painful. At four o’clock

the swelling extended to the elbow, and at half past four it

had reached half way up the arm, and the pain had extended

to the axilla. At this time Mr. Brodie, who visited him in

my absence, first saw him
;
he found the skin cold

; the man’s

answers were incoherent: his pulse beat 100 strokes in a

minute, and he complained of sickness. Forty drops of

aqua ammoniae purae, and thirty drops of spiritus aetheris

vitriolic! in an ounce of mistura camphorata, were given to

him, but did not remain on his stomach. The wounds were

bathed with the aqua ammoniae purae, and the arm and

forearm had compresses wetted with camphorated spirits ap-

plied to them. At five o’clock he took two drams of spiritus

ammoniae compositus, and 30 drops of aether, in an ounce and

a half of mistura camphorata, which remained on his stomach.

At six o’clock his pulse was stronger; at half past seven his

pulse was very feeble, and 30 drops of aether, and the same
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quantity of aqua ammonias puree were given in water. At

half past eight it was repeated. At nine o’clock he had the

feeling of great depression, his skin was cold, his pulse weak,

beating 80 strokes in a minute. The dose was increased to

fifty drops of both medicines, and repeated. At a quarter past

ten o’clock the pain had become very violent in the arm : his

pulse was stronger, but fits of faintness attack him every fif-

teen minutes, in which the pulse was not perceptible, but in

the interval his spirits were less depressed. In the course of

the evening he had two stools. At half past eleven o’clock I

first saw him. The hand, wrist, forearm, and arm were much

swelled up to the top of the shoulder, and into the axilla.

The arm was quite cold, and no pulse could be felt in any

part, not even in the axilla, the swelling preventing me from

feeling the axillary artery with any degree of accuracy. The

wounds made on the thumb were just perceptible
; those on

the finger were very distinct. His skin generally was

unusually cold. I took some pains to diminish his alarm of

danger, and found his mind perfectly collected : he said he

hoped he should recover. At one o’clock in the morning of

the 18th, he talked indistinctly: his pulse beat 100 in a mi-

nute
;
the attacks of faintness came on occasionally. The

medicine was repeated every hour.

At eight o’clock in the morning of the 18th, his pulse beat

132 strokes in a minute, and was very feeble. The swelling

had not extended beyond the shoulder to the neck, but there

was a fulness down the side, and blood was extravasated

under the skin as low as the loins, giving the back on the right

side a mottled appearance. The whole arm and hand was

cold, but painful when pressed ; the skin was very tense ; on
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the inside of the arm below the axilla, and near the elbow',

vesications had formed ; and under each of the vesication

s

there was a red spot in the cutis, of the size of a crown piece.

The skin generally over the body had become warm. He

was low and depressed ; there was a tremulous motion of his

lips, and the faintings recurred at nearly the same intervals as

in the preceding evening. The last dose of medicine was re-

jected by vomiting, but some warm wine remained on his

stomach. The arm was fomented. At twelve o’clock, in

addition to the above symptoms, there was a starting of his

limbs. He had attempted to take some broth, but his stomach

did not retain it. The skin of the whole arm had a livid ap-

pearance, similar to what is met with in a dead body, when

putrefaction has begun to take place, unlike anything which I

had ever seen in so large a portion of the living body. An
obscure fluctuation was felt under the skin of the outside of

the wrist and forearm, which induced me to make a puncture

with a lancet, but only a small portion of a serous fluid was dis-

charged. My colleague, Dr. Nevinson, was present at this

visit, and we agreed to continue the internal use of the volatile

alkali, with the view of rousing the stomach to action, not con-

sidering it as having any specific power over the poison. At

eleven o’clock in the evening, finding that his stomach did not

always retain the medicines, nor even small quantities of

brandy, which were given him, I directed the volatile alkali to

be left off, and two grains of opium to be given, and repeated

every four hours. At this time his pulse was scarcely percep-

tible at the wrist, the fainting fits were not less frequent. The
vesications and red spots were increased in size.

October 19. At nine o’clock in the morning his pulse was
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scarcely perceptible : his extremities were cold
;
the vesica-

tions were larger, and the size of the arm was diminished.

He was drowsy, probably from the effect of the opium. He
had taken nothing but brandy during the night. At three

o’clock in the afternoon he was more depressed : spoke only in

whispers : the vesications were increased : the fainting fits less

frequent. The arm was diminished in size, and he had sensa-

tion in it down to the fingers. At eleven o’clock at night his

pulse beat 130 in a minute, and was low. The opium was left

oft. A stool was procured by clyster. He was ordered to

have a glass of camphorated mixture occasionally, and wine

and brandy, as often as he could be induced to take them.

October 20. He had dozed at intervals during the night

;

his spirits were better, and his extremities warmer. At nine

o’clock he took coffee for breakfast. He afterwards took some

fish for dinner, but it did not remain on his stomach
; he

therefore took brandy and coffee at intervals, half an ounce at

a time, as larger quantities did not remain on his stomach.

October 21. He had slept at intervals during the night, but

was occasionally delirious : his pulse 120 in a minute. Brandy

and jelly were the only things that stayed on his stomach*

The size of the arm was reduced, but the skin was extremely

tender.

October 22. He had slept during the greatest part of the

night : his pulse beat 98 in a minute : he took some veal for

dinner, and brandy at intervals. In the evening his pulse be-

came full and strong : he was ordered wine instead of brandy.

The right side of the back down to the loins, was inflamed

and painful ;
and had a very mottled appearance, from the

extravasated blood under the skin.
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October 23. His pulse continued full, and the arm was very

painful, though reduced in size. The vesications had burst,

and the exposed cutis was dressed with white ointment. Stools

were procured by an opening medicine. He took some veal

and porter for dinner ; the wine was left off. In the evening

he had a saline draught with antimonial wine.

October 24. There was no material change.

October 25. His pulse had increased in frequency, but in

other respects he was nearly the same. His bov/els were

opened by medicine.

October 26. The arm was more swelled and inflamed.

October 27. The inflammation of the arm had increased :

his tongue was furred, and his pulse was very frequent. He

attempted to sit up, but the weight of the arm, and the pain

prevented him. The arm was bathed with spirits of wine and

aqua ammoniac acetate in equal quantities.

October 28. A slough had begun to separate from the in-

side of the arm below the axilla, and a purging had come on^

for which he was ordered chalk mixture and laudanum. In

the night he had a rigor.

October 29. The purging had abated
;
his pulse beat 100

in a minute, and was feeble. A large abscess had formed on

the outside of the elbow, which was opened, and half a pint

of reddish brown matter was discharged with sloughs of cel-

lular membrane floating in it. The lower part of the arm

became much smaller, but the upper part continued tense. A
poultice was applied to the wound. The lower portion of the

arm and the forearm were covered with circular stripes of

soap cerate. He was ordered to take the bark, and allowed

wine and porter.
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October 30. The redness and swelling of the upper part of

the arm had subsided : the pulse was 100 in a minute. The

purging had returned. The bark was left off : the chalk mix-

ture and laudanum were given, and an opiate clyster admi-

nistered.

October 31. The pulse beat 120 in a minute. The discharge

from the abscess had diminished, the purging continued, and

at night he had a rigor.

November 1. The pulse was 120. His voice was feeble
;

he had no appetite ;
was delirious at intervals. Ulceration had

taken place on the opening of the abscess, so that it was much

increased in size. He drank two pints of porter in the course

of the day.

November 2. His pulse was very weak ; his countenance

was depressed ;
his tongue brown

; the ulceration had spread

to the extent of two or three inches. Mortification had taken

place in the skin nearer the axilla. His stomach rejected

every thing but porter : in the night he was delirious.

November 3. The mortification had spread considerably :

the purging continued : the forefinger, which had mortified,

was removed at the second joint.

November 4. He died at half past four o'clock in the

afternoon.

Sixteen hours after death, the body was examined by Mr.

Brodie and myself, in the presence of Mr. Maynard, the

house surgeon, and several of the pupils of the hospital.

With the exception of the right arm which had been bitten,

the body had the natural appearance. The skin was clear and

white ;
and the muscles contracted.

The wounds made by the fangs at the base of the thumb

MDCCCX. M
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were healed, but the puncture made by the lancet at the back

of the wrist, was still open. That part of the back of the

hand, which immediately surrounded the wounds made by

the fangs, for the extent of ii inch in every direction, as also

the whole of the palm, was in a natural state, except that

there was a small quantity of extravasated blood in the cellu-

lar membrane. The orifice of the abscess was enlarged, so

as to form a sore on the outside of the arm, elbow, and fore-

arm, near six inches in length. Around this, the skin was in

a state of mortification, more than half way up the outside of the

arm, and as far downwards, on the outside of the forearm.

The skin still adhered to the biceps flexor muscle in the arm,

and flexor muscles in the forearm, by a dark coloured cellular

membrane. Every where else in the arm and forearm, from

the axilla downwards, the skin was separated from the muscles,

and between these parts there was a dark coloured fluid, with

an offensive smell, and sloughs of cellular membrane resemb-

ling wet tow, floating in it. The muscles had their natural

appearance every where, except on the surface, which was

next the abscess. Beyond the limits of the abscess, blood was

extravasated in the cellular membrane, and this appearance

was observable on the right side of the back as far as the

loins, and on the right side of the chest over the serratus major

anticus muscle.

In the thorax the lungs had their natural appearance. The

exterior part of the loose fold of the pericardium, where it is

exposed, on elevating the sternum was dry, resembling a dried

bladder. The cavity of the pericardium contained half an ounce

of serous fluid, which had a frothy appearance, from an admix-

ture of bubbles of air. On cutting into the aorta, a small
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quantity of blood escaped, which had a similar appearance,,

The cavities of the heart contained coagulated blood.

In the abdomen, the cardiac portion of the stomach was

moderately distended with fluid : the pyloric portion was

much contracted ;
the internal membrane had its vessels very

turgid with blood. The intestines and liver had a healthy

appearance. The gall bladder was moderately full of healthy

bile. The lacteals and the thoracic duct were empty
; they

had a natural appearance.

In the cranium the vessels of the pia mater and brain were

turgid with blood ;
the ventricles contained rather more water

than is usual, and water was effused into the cells, connecting

the pia mater and tunica arachnoides. It is to be observed,

that these appearances in the brain and its membranes are

very frequently found in cases of acute diseases, which ter-

minate fatally.

The following cases were sent from India, to my late friend

Dr. Patrick Russell : they arrived after his death, and Mr.

Claude Russell very kindly gave them to me, knowing the

subject of them to be one, in which I had taken an interest.

As they correspond in many of the circumstances, with that

which has been detailed, I have inserted them in this place, as

well as an experiment, w hich I had an opportunity of making

in the West Indies, on the effects of the snake’s poison on

animals.

A boy, a slave of a gentleman in India, was bitten by a

snake called Kamnlee by the natives, in the lower part of the

arm, at eight o’clock in the evening. The blood flowed very

freely for some time. He died next day at noon in great

pain.
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A sepoy, 60 years of age, was admitted into the hospital of

his regiment, under the care of Mr. Perrin assistant surgeon,

at 4 o’clock in the afternoon of the 15th of October, 1802, in

consequence of his being bitten by a Cobra di capello, on the

back part of the hand. At the time of his admission he com-

plained of pain running up the arm. He immediately took a

drachm of eau de luce, and this dose was repeated every half

hour, and the same remedy was applied externally as a lotion

to the arm and forearm. At 4 o’clock in the morning of the

16th of October, the pain began to increase, and the arm to

swell with great hardness and stiffness, and tumor in the

axilla, with much inclination to vomit. He took twelve grains

of Dr. James’s powder, which brought up a great quantity of

bilious matter. He drank copiously of warm water, but no

perspiration was induced. He appeared relieved for a short

time. At eight o'clock in the morning the arm was distended,

painful, and discoloured. He took four ounces of brandy, and

repeated it every hour until twelve o’clock, with a drachm of

eau de luce occasionally. At this time he was a little revived.

The brandy was reduced to two ounces, which were carefully

and regularly given every hour, until twelve at noon on the

17th of October, when the arm was more free from pain, but

much swelled, hard, and black : his spirits and pulse also were

considerably relieved. The eau de luce was now omitted, but

the brandy was continued every hour, until twelve o’clock at

noon on the 18th of October, when the stiffness and tumor in

the axilla had disappeared ;
the arm was still swelled, but

was softer, and less painful. The brandy was omitted : at

night he took six grains of Dr. James’s powder. On the 19th

of October the arm was less, softer, with little or no pain
; a
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blister was formed and burst on the back of the hand, which

discharged three ounces of black foetid pus. On the 20th, an

abscess burst on the hand, in the same situation as the blister,

which discharged a large quantity of a fluid having an offensive

smell. He was directed to take a drachm of Peruvian bark in

port wine, every two hours. On the 22d the swelling was

gone, but the discharge was considerable. From this time

the man gradually, but slowly recovered, with the loss of the

use of his forefinger, which remained permanently extended,

and some of the other fingers were affected in a less degree.

In this case, the swelling of the arm was slower in coming

on, and less extensive; the pain running up to the axilla,

which preceded it, was mistaken for the effect of absorption.

In the year 1782, while in the island of St. Lucia, I made

the following experiment.

A spotted dark coloured snake, about two feet in length,

having the poison fangs on each side double, with the corres-

ponding surfaces grooved, so as to form a canal for the poison,

was put into a square tin box, open at the top, in which a half

grown rat was confined. The rat expressed great terror, and

remained crouching in one corner of the box, with its eyes

fixed on the snake, who lay coiled up at some distance, they

were allowed to remain a few minutes in this situation : I then

raised one end of the box, which caused the snake to slide

along the smooth surface, till it came in contact with the rat,

which it immediately bit. The rat died in a minute after the

bite. I removed it immediately from the box by means of a

pair of long forceps. The wounds made by the fangs were

marked by two specks of blood immediately below the

shoulder blade. On dividing the skin with a scalpel, the



86 Mr. Home’s Account of the Case of a Man,

cellular membrane under it was found entirely destroyed :

the muscles were detached from the ribs, and from a small

portion of the scapula. The parts immediately surrounding

the bite were exceedingly inflamed
;
as far as I could trust to

memory, the appearances very much resembled those pro-

duced on the muscles of a dog’s thigh, by the application of

white arsenic, in consequence of which, death ensued in about

sixteen hours.

Fifteen hours after the death of the first, a second rat was

bitten by the same snake. This rat was much irritated, and

bit the snake in the neck, so violently, that the latter died in

about ten minutes. The rat continued very lively for about

six hours, and then died. On examination after death, the

bite was found to have been inflicted on the left side of the

navel, and the abdominal muscles at that part, were in the

same state as in the other rat, but in a less degree.

It appears from the facts, which have been stated, that, the

effects of the bite of a snake vary according to the intensity

of the poison.

When the poison is very active, the local irritation is so

sudden and so violent, and its effects on the general system,

are so great, that death soon takes place. When the body is

afterwards inspected, the only alteration of structure met with,

is in the parts close to t he bite, where the cellular membrane

is completely destroyed, and the neighbouring muscles very

considerably inflamed.

When the poison is less intense, the shock to the general

system does not prove fatal. It brings on a slight degree of

delirium, and the pain in the part bitten is very severe : in

about half an hour, swelling takes place from an effusion of
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serum in the cellular membrane, which continues to increase

with greater or less rapidity for about twelve hours, extending

during that period into the neighbourhood of the bite
; the

blood ceases to flow in the smaller vessels of the swoln parts ;

the skin over them becomes quite cold, the action of the heart

is so weak, that the pulse is scarcely perceptible, and the

stomach is so irritable, that nothing is retained in it. In about

6c hours these symptoms go off) inflammation and suppura-

tion take place in the injured parts, and when the abscess

formed is very great, it proves fatal. When the bite has been

in the finger, that part has immediately mortified. When
death has taken place under such circumstances, the absorbent

vessels and their glands, have undergone no change similar

to the effect of morbid poisons, nor has any part lost its

natural appearance, except those immediately connected with

the abscess.

In those patients, who recover with difficulty from the bite,

the symptoms produced by it, go off more readily, and more

completely, than those produced by a morbid poison, which

has been received into the system.

The violent effects which the poison produces on the part

bitten, and on the general system, and the shortness of their

duration, where they do not terminate fatally, has frequently

induced the belief, that the recovery depended on the medi-

cines employed
;
and in the East Indies, eau de luce is con-

sidered as a specific, for the cure of the bite of the cobra di

capello.

There does not appear to be any foundation for such an

opinion ;
for when the poison is so intense, as to give a suf-

ficient shock to the constitution, death immediately takes
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place, and where the poison produces a local injury of sufficient

extent, the patient also dies, while all slighter cases recover.

The effect of the poison on the constitution is so immediate,

and the irritability of the stomach is so great, that there is no

opportunity of exhibiting medicines till it has fairly taken

place, and then there is little chance of beneficial effects being

produced.

The only rational local treatment to prevent the secondary

mischief, is making ligatures above the tumefied part, to com-

press the cellular membrane, and set bounds to the swelling,

which only spreads in the loose parts under the skin; and

scarifying freely the parts already swoln, that the effused

serum may escape, and the matter be discharged, as soon as

it is formed. Ligatures are employed in America, but with a

different view, namely, to prevent the poison being absorbed

into the system.
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IV. An Analysis of several Varieties of British and Foreign Salt
,

( Muriate of Soda ) with a View to explain their Fitness for

different economical Purposes. By William Henry, M. D.

F. R. S. Vice-Pres. of the Literary and Philosophical Society,

and Physician to the Infirmary, at Manchester.

Read January 25, 1810.

Sect. I. General Observations.

In undertaking the series of experiments, described in the

following pages, I had not so much in view the discovery of

novelties in science, as the determination, by the careful em-

ployment of known processes, and by the improvement of

methods of analysis, of a number of facts, the establishment

of which (it appeared to me probable) might have an

influence on an important branch of national revenue and

industry.

An opinion has for some time past existed, and I believe

has been pretty general both in this and other countries, to

the disadvantage of British salt as a preserver of animal food ;

and a decided preference has been given to the salt procured

from France, Spain, Portugal, and other warm climates, where

it is prepared by the spontaneous evaporation of sea water.

In conformity with this opinion, large sums of money are

annually paid to foreign nations, for the supply of an article,

which Great Britain possesses, beyond almost any other

MDCCCX. N
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country in Europe, the means of drawing from her own in-

ternal resources. It becomes, therefore, of much consequence

to ascertain, whether this preference of foreign salt be founded

on accurate experience, or be merely a matter of prejudice
;

and, in the former case, whether any chemical difference can

be discovered, that may explain the superiority of the one to

the other.

The comparative fitness of these varieties of salt for the

curing of provisions, which has been a subject of much con-

troversy among the parties who are interested, can be decided,

it is obvious, in no other way, than by a careful examination

of the evidence on both sides. Where evidence, however, is

doubtful, and where there exists, as in this case, much con-

trariety of testimony, it cannot be unfair to yield our belief to

that, which best accords with the chemical and physical quali-

ties of the substances in question. Again, if salt of British

production, should be proved to be really inferior in chemical

purity to foreign salt, it would be important to ascertain, as

the basis of all attempts towards its improvement, in what,

precisely, this inferiority consists. It seemed desirable, also,

to examine whether any differences of chemical composition

exist among the several varieties of home-made salt, which

can explain their variable fitness for economical purposes.

Such were the considerations that induced me to undertake

an enquiry, which has occupied, for several months past, a

large share of my leisure and attention. I began the investi-

gation, wholly uninfluenced by any preconceived opinions on

the subject
;
and I had no motive to see the facts in any other

than their true light, since I have no personal interest, either

directly or remotely, in the decision of the question.
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The principal sources of the salt, which is manufactured in

this country, are rock salt, brine springs, and sea water. The

first material is confined entirely, and the second chiefly,

though not wholly, to a particular district of Cheshire. Of

the extent and boundaries of this district, the process of ma-

nufacture, and other circumstances interesting to the minera-

logist as well as to the chemist, an ample and excellent

history has been given by Mr. Henry Holland, in the

Agricultural Report of the county of Chester.* From his

account, I shall extract, in order to render some parts of this

memoir more intelligible, a very brief statement of the cha-

racteristic differences of the several varieties of salt, which are

prepared in Northwich, and its neighbourhood.

In making the stoved or lump salt, the brine is brought to a

boiling heat, which, in brine fully saturated, is 226° of Fah-

renheit. This temperature is continued during the whole

process ;
and as the evaporation proceeds, small flakey crys-

tals continue to form themselves, and to fall to the bottom of

the boiler. At the end of from eight to twelve hours, the

greatest part of the water of solution is found to be evaporated
;

so much only being left, as barely to cover the salt and the

bottom of the pan. The salt is then removed into conical

wicker baskets, termed barrows

;

and, after being well drained,

is dried in stoves, where it sustains a loss of about one seventh

of its weight.

On the first application of heat to the brine, a quantity of

carbonate of lime, and sometimes a little oxide of iron, both of

which had been held in solution by an excess of carbonic acid,

are separated ; and are either removed by skimming, or are

* Published in 1808.
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allowed to subside to the bottom of the pan, along with the

salt first formed, and with some sulphate of lime ; and are

afterwards raked out. These two operations are called clearing

the pan. Some brines scarcely require them at all, and others

only occasionally. The whole of the impurities, however, are

not thus removed ; for a part, subsiding to the bottom, forms

a solid incrustation, termed by the workmen pan-scale. The

portion of this, which is lowest, acquires so much induration

and adhesion to the pan, that it is necessary to remove it, once

every three or four weeks, by heavy blows with a pick-axe.

These sediments are formed, also, in making the other varie-

ties of salt.

In preparing common salt, the brine is first raised to a boil-

ing heat, with the double view of bringing it as quickly as

possible to the point of saturation, and of clearing it from its

earthy contents. The fires are then slackened, and the evapo-

ration is carried on for 24 hours, with the brine heated to 160*

or 1 70° Fahrenheit. The salt, thus formed, is in quadran-

gular pyramids or hoppers, which are close and hard in their

texture. The remainder of the process is similar to that of

making stoved salt, except that after being drained, it is car-

ried immediately to the store house, and not afterwards

exposed to heat, an operation confined to the stoved salt.

The large grained flakey salt is made with an evaporation

conducted at the heat of 130 or 140 degrees. The salt thus

formed, is somewhat harder than common salt, and approaches

more nearly to the cubic shape of the crystals of muriate of

soda.

Large grained or fishery salt
,
is prepared from brine heated

only to ioo° or 110° Fahrenheit. No perceptible agitation.
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therefore, is produced in the brine, and the slowness of the

process, which lasts from 7 or 8 to 10 days, allows the mu-

riate of soda to form in large, and nearly cubical crystals,

seldom however quite perfect in their shape.*

For ordinary domestic uses, stoved salt is perfectly sufficient.

Common salt is adapted to the striking and salting of pro-

visions, which are not intended for sea voyages or warm

climates. For the latter purposes, the large grained or fishery

salt is peculiarly fitted.

On the eastern and western coasts of Scotland, and espe-

cially on the shores of the Firth of Forth, large quantities of

salt are made by the evaporation of sea water. In consequence

of the cheapness of fuel, the process is carried on, from first

to last, by artificial heat, at a temperature, I believe, equal or

nearly so to the boiling point, and varying, therefore, accord-

ing to the concentration of the brine. The kind of salt, chiefly

formed in Scotland, approaches most nearly to the character

of stoved salt. In some places a salt is prepared, termed

Sunday salt ; so called, in consequence of the fires being

slackened between Saturday and Monday, which increases

considerably the size of the crystals.

I am indebted to Dr. Thomson of Edinburgh, (who gave

me his assistance with great zeal and alacrity
)

for an oppor-

tunity of examining upwards of twenty specimens of Scotch

salt, prepared by different manufacturers. That distinguished

chemist, it appears from a letter which he addressed to me on

the subject, was some time ago engaged in experiments on

Cheshire salt. The particulars he has lost ; and he retains

only a general recollection of the facts, which confirms, I am

* Cheshire Reports, p 53, &c.
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happy to state, the accuracy of the results obtained by my own

experiments.

At Lymington in Hampshire, advantage is taken of the

greater heat of the climate, to concentrate the sea water by

spontaneous evaporation to about one sixth its bulk, before

admitting it into the boilers. One kind of salt is chiefly pre-

pared there, which most nearly resembles in grain the stoved

salt of Cheshire. The process varies a little, in some respects,

from that which has been already described. The salt is not

fished (as it is termed) out of the boiler, and drained in bas-

kets ;
but the water is entirely evaporated, and the whole

mass of salt taken out at once, every eight hours, and removed

into troughs with holes in the bottom. Through these it drains

into pits made under ground, which receive the liquor called

bittern or bitter liquor. Under the troughs, and in a line with

the holes, are fixed upright stakes, on which a portion of salt

that would otherwise have escaped, crystallizes and forms, in

the course of ten or twelve days, on each stake, a mass of

sixty or eighty pounds. These lumps are called salt cats.

They bear the proportion to the common salt, made from the

same brine, of 1 ton to 100.

From the mother brine or bitter liquor, which has drained

into the pits, the sulphate of magnesia is made during the

winter season, when the manufacture of salt is suspended, in

consequence of the want of the temperature required, for the

spontaneous evaporation of the sea water. The process is a

very simple one.* The bitter liquor from the pits is boiled

* I am indebted for an account of this process, as well as of the method of making

common salt at Lymington, to the liberal communication of Charles St. Bar be.

Esq. of that place. Though not strictly connected with the subject, I give his descrip-
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for some hours in the pans, which are used in summer to pre-

pare common salt ; and the impurities, which rise to the

surface, are removed by skimming. During the evaporation,

a portion of common salt separates
;
and this, as it is too im-

pure for use, is reserved for the purpose of concentrating the

brine in summer. The evaporated bitter liquor is then re-

moved into wooden coolers 8 feet long, 5 feet wide, and 1

foot deep. In these it remains twenty four hours, during

which time, if the weather prove clear and cold, the sulphate

of magnesia, or Epsom salt crystallizes at the bottom of the

coolers, in quantity equal to about one eighth of the boiled

liquor. The uncrystallizable fluid is then let off through plug-

holes at the bottom of the coolers ;
and the Epsom salt, after

being drained in baskets, is deposited in the store-house. This

is termed single Epsom salts, and after solution and a second

crystallization, it acquires the name of double Epsom salts.

Four or five tons of sulphate of magnesia are produced from

a quantity of brine, which has yielded 100 tons of common,

and 1 ton of cat salt.

On the banks of the Mersey, near its junction with the Irish

Channel, the water of that river before evaporation is brought

to the state of a saturated brine, by the addition of rock salt.

The advantage of this method of proceeding, will be obvious

when it is stated, that 100 tons of this brine yield at least 23

tons of common salt, whereas from the same quantity of sea

tion of the mode of making Epsom salt, because no correct statement of the process

has, I believe, been hitherto published. The analysis of sea water, indeed, by a justly

distinguished chemist (Bergman), excludes, erroneously, the sulphate of magnesia

from its composition ; and his results have led to the opinion, that to manufacture this

salt on the large scale, requires the addition either of sulphuric acid, or of seme sul-

phate to the bitter liquor . (See Aikin’s Chemical Dictionary, II. 388.)
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water, with an equal expenditure of fuel, only 2 tons 17 cwt

of salt can be produced.*

Within the few past years, an attempt has been made to

apply rock salt itself to the packing of provisions. For this

purpose it is crushed to the proper size between iron rollers.

The trials which have been made, I am informed, are but few,

and the results hitherto are not perfectly known.

The bay salt imported from foreign countries is well known

to be prepared by the spontaneous evaporation of sea water,

which, for this purpose, is confined in shallow pits, and ex-

posed to the full influence of the sun and air. I have no

addition to make to the account of its manufacture, which have

already been given by various writers. -f

As the results of the investigation, which forms the subject

of this memoir, may be acceptable to many persons who can

scarcely be expected to take an interest in a long detail of

analytical processes, I shall present, in the following section,

a general view of the experiments, and of the conclusions that

may be deduced from them. In the last place, in order that

other chemists may be enabled to repeat the analyses under

similar circumstances, I shall describe minutely, the methods

that were adopted, some of which are new, and others reduced

to greater precision. If, however, in the future progress of

science, it should appear that any of these processes are

imperfect, it may still be admitted that, for all useful purposes,

* See the Earl of Dundonald’s “ Thoughts on the Manufacture and Trade of Salt.”

London, 1785.

f Encyclop. Method. Art. Salins. (Des Marais Salans) Aikin’s Dictionary of Che-

mistiy, II. 224. Watson’s Chemistry, Vol. II, p. 52. It is necessary to remark, that

a great proportion of what is sold in London as bay-salt, is Cheshire large grained

fishery salt.
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they afford a fair comparison of the composition of the several

varieties of culinary salt ;
since the sources of fallacy, that may

hereafter be discovered, must have been the same in every

case, and have produced in each an error of nearly the same

amount.

Section II. General Statement of the Results of the

Experiments, and Conclusions that may be deduced

FROM THEM.

A comparison of the component parts of British and foreign

salts, and of different varieties of British salt with each other,

will best be made by an examination of the following table,

which comprehends the results of the analysis of equal weights

of each variety.

loco parts by weight consist of

Muriate Sulph. Total Pure
j

of Total Sulph. of Total im- muri-
Kind of Salt. Insol. Muriate Magne- earthy of mag. sul- 'puri- ate of

matter. ot lime. sia. muriates. lime. nesia. phates. !
ties. soda

’ St. Ube’s 9 a trace 3 * 3 2 3 i 4 { 28 40 960

959t-g* St. Martin’s 12 do. 3 F
* 19 6 2 5 4°i

<21 Qleron 10 do. z * 2 19! 4 £ 2 3 i 35 i 9641
r Scotch (common) 4 — 2b or * 28 or * IS *7 T 3 2 1 64f 935i

• c « Scotch (Sunday) 1 —

•

n 4 H T 12 4 i 16 i 29 97i

25 T * Lvmington (common) 2 — 1

1

1 1 or *
15 35 5° 6 3 937

.3 3
_
Do. (cat) i —

5 5 1 S 6 12 988

<u
f Crushed rock 10 O-lV °- 16 off 6 * — 6 * i6| 9 83?

3 -
5 ,

Fishery 1 Off °-T 1 11 |
— ni 13 i 986|

1 5 Common 1 o. \ o-l 1 Ht — !4i 9 8 3 tr

0
„ Stoved 1 o-* o-i 1 !5i — iSf *7 4

- 9824

I. The total amount of impurities ,
and the quantity of real

muriate of soda
,
contained in each variety of common salt, may

he learned by inspecting the two last columns of the table.

From these it appears, that the foreign bay salt is purer.

MDCCCX.

See page 95.
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generally speaking, than salt which is prepared by the rapid

evaporation of sea water
;
but that it is contaminated with about

three times the amount of impurities, discoverable in an equal

weight of the Cheshire large-grained salt, and with more than

twice that of those, that are found in the stoved and common

salt of the same district.

II. The insoluble matter in the foreign salt, after the action

of boiling water, appears to be chiefly argillaceous earth

coloured by oxide of iron, and is probably derived in part from

the pits in which the sea water is submitted to evaporation.

We may, perhaps, assign the same origin to the very minute

portion of muriate of lime, which is not found in the salt pre-

pared by evaporating sea water in metallic vessels, nor even

in the mother liquor, or uncrystallizable residue. In sea salt

prepared by rapid evaporation, the insoluble portion is a mix-

ture of carbonate of lime with carbonate of magnesia, and a

fine silicious sand
;
and in the salt prepared from Cheshire

brine, it is almost entirely carbonate of lime. The insoluble

part of the less pure pieces of rock salt is chiefly a marly

earth, with some sulphate of lime. The quantity of this im-

purity, as it is stated in the table, is considerably below the

average, which in my experiments has varied from 10 to 45
parts in 1000. Some estimate of its general proportion, when

ascertained on a larger scale, may be formed from the fact, that

government, in levying the duties, allows 65 lb. to the bushel,

of rock salt, instead of 56I0. the usual weight of a bushel of

salt.

III. The earthy muriates, and especially that with base of

magnesia, abound most in salt which is prepared by the rapid

evaporation of sea water. Now since common salt, in all its
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forms, contains as will afterwards appear, very little water of

crystallization, it is probable that the muriate of magnesia, dis-

covered by the analysis of sea salt, is derived entirely from

that portion of the mother liquor, which adheres to the salt

after being drained, and which amounts to about ~ of its

weight. The larger the size of the grain, the less is the quan-

tity of this solution which the salt holds suspended, and hence

the salt prepared at a lower degree of heat, being in larger

crystals, is less debased by the magnesian muriate, than the

salt formed at a boiling temperature. It is probable, also, that

when the salt is drawn at intervals from the boiler, the pro-

portion of the earthy muriate will vary with the period of the

evaporation, at which it is removed. For it may readily be

conceived, that as the proportion of the earthy muriates in any

brine is increased by the separation of muriate of soda, the

greater will be the quantity of the muriates which themrystals

of common salt, formed in the midst of the brine, will retain
;

thence it follows, that, so far as the earthy muriates only are

concerned, salt must diminish in purity as the process of eva-

poration advances.

In the several varieties of Cheshire salt, the earthy muriates

do not exceed one thousandth part of this weight, and they

are precisely, (or so nearly so, that the difference is not

ascertainable) the same in all. This will cease to be matter

of surprise, when it is considered that the salt obtained by

evaporating to dryness the whole of a portion of Cheshire

brine, does not give more than g parts of earthy muriates in

1000. In the entire salt of sea water, according to Bergman,

the earthy muriates form no less than 213 parts in the same

quantity.

O 2
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According to the proportion in which the earthy muriates

are present in any kind of salt, will be its power of deliques-

cence, or of attracting moisture from the atmosphere. It is

not entirely, however, from the salts with earthy base, that

common salt derives this quality
; for the most transparent

specimens of rock salt, which I find to consist of absolutely

pure muriate of soda, attract much moisture from a humid

atmosphere.

IV. The sulphate of magnesia and the sulphate of lime, both

enter into the composition of all the varieties of salt prepared

from sea water
;
but the sulphate of lime alone is found in

Cheshire salt. The proportion of sulphate of magnesia is

greatest in that variety of sea salt, which has been formed by

rapid evaporation. In foreign bay salt, its quantity is very

insignificant.

From the table it may be seen, that the proportion of sul-

phate of lime is greater in foreign bay salt, than in any variety

of British salt, even than in those which are prepared from

sea water with a boiling heat. The only explanation of this

fact, that occurs to me, is, that during the rapid evaporation of

sea water, a considerable part of the calcareous sulphate is

precipitated at an early stage of the process, and is partly re-

moved in clearing the boiler, a process, which can scarcely be

performed during the formation of bay salt, in pits whose

sides are composed of moist clay. The remainder of the sele-

nite, thus precipitated by the rapid evaporation of sea water,

enters into the composition of the pan-scale.

In the course of this inquiry, I was induced to repeat the

same experiments several times, on various specimens of salt

bearing the same designation
;
and was surprised to find, that
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the results by no means corresponded. In one instance, for

example, fishery salt was found in 1000 parts to contain no

less then 1 6 parts of sulphate of lime ; while another specimen,

nominally the same, contained only 1
1 ^ parts of selenite in

the same quantity ;
and a third only 52. At length it occurred

to me, that these differences, were probably owing to the cir-

cumstance of the salt having been taken from the boiler at

different periods of the evaporation. I requested, therefore, to

be furnished with specimens of salt, drawn at different stages

of the process, from a given portion of brine, evaporated in

the same boiler. These were submitted to analysis
;
and the

results are shewn in the following table.

Hence it appears, that there was a gradually increasing

purity in the salt from sulphate of lime, as the process of

evaporation advanced ; the greatest part of this earthy com-

pound being deposited at an early stage of the process. Dif-

ferent specimens of the same kind of salt may, therefore

differ in chemical purity as much from each other, as from

other varieties. But when the impurities, contained in a solu-

tion of muriate of soda, are of a different species, from those

of Cheshire brine, and consist chiefly of the earthy muriates,

the order will be reversed, and the purest salt, as I have already

suggested, will be that which is first deposited; the contami-

nation with the muriate of lime or of magnesia, continuing to

increase, as the process advances to a conclusion,*

• I cannot on any other principle explain the considerable differences, as to the

Common salt drawn from the boiler, 2 hours
-s Sulphate of

c . lime.

after the first application of heat. -

Salt drawn 4 hours after do. -

Salt drawn 6 hours after do. - - - -
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At an early period of the enquiry, it appeared to me pro-

bable that the differences between the several varieties of

culinary salt might depend, in some degree, on their con-

taining variable proportions of water of crystallization. It

was found, however, by experiment, that the proportion of

water in any variety of common salt, after being dried at 212"

Fahrenheit, is not much greater or less than that which is

contained in any other variety. Pure transparent rock-salt,

calcined for half an hour in a low red heat, (= 4
0
or 5

0 of

Wedgwood’s pyrometer) lost absolutely nothing of its weight.

It is remarkable, also, that the pure native salt, -if free from

adventitious moisture, may be suddenly and strongly heated,

with scarcely any of that sound called decrepitation * which is

produced by the similar treatment of all the varieties of arti-

ficial salt. Even these varieties, however, exposed during

equal times to a low red heat, do not lose more than from

half a grain to three grains in one hundred. This comparison

cannot be extended to the salt prepared at a boiling tempera-

ture from sea water ;
because the muriate of magnesia, which

proportion of muriate of magnesia, that were discovered in the several varieties of

Scotch salt, sent to me by Dr. Thomson. For this reason, in stating the analysis of

Scotch salt, I have given, in the table, that result which was most frequently obtained ;

and have withheld the names of the manufacturers, because the differences were pro-

bably in a great measure accidental, and not the result of greater or less skill in the

preparation. One specimen of Lymington salt, which I examined, contained fully as

much muriate of magnesia as any of the Scotch samples. The cat salt of that place,

however, contrary to my expectation, proved to possess a very extraordinary degree of

purity ; a fact of which I satisfied myself by repeated experiments.

* Decrepitation is occasioned by the sudden conversion into vapour of the water

contained in salts, when its quantity is insufficient to effect the watery fusion. It is

a property peculiar to salts which hold only a very small proportion of water in com-

bination, as muriate of soda, nitrate of lead, and sulphate of potash.
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these varieties contain, is decomposed at a red heat, and

deprived of its acid.

The following table shews the quantity of water contained

in several kinds of salt, inferred from the loss which they

sustain by ignition during equal times, after being first dried

at 2120
.

100 parts of large grained fishery salt contain of water 3
100 - foreign bay salt (St. Martin's) - -3
100 - - do. - ( Gieron) - -

100 - - - do. Cheshire common salt - if

100 - do. - stoved salt - -

The loudness and violence of the decrepitation was, as

nearly as could be judged, in the same order, and was most

remarkable in the large grained varieties.

To determine the proportions of real muriate of soda in

those varieties of artificial salt which are nearly free from

earthy muriates, I employed also the process of decomposition

by nitrate of silver. The following are the quantities of fused

luna cornea, obtained from 100 grains of each of three vari-

eties dried, previously to solution, at the temperature of 21

2

0

Fahrenheit.

100 gr. pure transparent rock salt gave of luna cornea 242

100 stoved salt, remarkably pure - - 239

100 fishery salt. do. - 237*

* From 100 grains of pure artificial muriate of soda, previously heated to redness.

Dr. Marcet has since informed me, that he obtained 24.16 grains of fused luna

cornea. The weights of the precipitates thrown down in my experiments by nitrate of

silver, are not, I am aware, exactly those which might have been expected from the

table of the comparative proportions of water given in the text. Each experiment,

however, was twice repeated with every precaution I could adopt, and with the same

results. That different kinds of salt give different proportions of luna cornea, is
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The proportion of ingredients in the several kinds of mu-

riate of soda (setting apart the impurities) appears, therefore,

to be nearly the same in all. And as the very minute quan-

tity of water, discovered by analysis, is not constant in the

several varieties, it may be inferred to be rather an accidental

than a necessary ingredient ; for in the latter case, an invari-

able proportion might be expected, conformably to the impor-

tant law, establishing an uniformity in the proportions of

chemical compounds, which has been explained by Mr.

Dalton, and confirmed by Drs. Thomson and Wollaston.

What then, it may be enquired, is the cause of those

differences which are acknowledged, on all hands, to exist

among the several species of muriate of soda, so far as respects

their fitness for economical purposes. If I were to hazard an

opinion, on a subject about which there must still be some

uncertainty, it would be that the differences of chemical com-

position
,,
discovered by the preceding train of experiments,

in the several varieties of culinary salt, are scarcely sufficient

to account for those properties, which are imputed to them on

tbe ground of experience. The stoved and fishery salt, for

example, though differing in a very trivial degree as to the

kind or proportion of their ingredients, are adapted to widely

different uses. Thus the large grained salt is peculiarly fitted

for the packing of fish and other provisions, a purpose to

which the small grained salts are much less suitable. Their

different powers, then, of preserving food must depend on

.some mechanical property ; and the only obvious one is the

.proved also by comparing the experiment of Dr. Marcet, with the results of Dr.

Black and Klaproth, both of whom found the fused muriate of silver, from xoo

,parts of common salt, to weigh 235 grains.
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magnitude of the crystals, and their degree of compactness

and hardness. Quickness of solution, it is well known, is

pretty nearly proportional, all other circumstances being

equal to the quantity of surface exposed. And since the sur-

faces of cubes are as the squares of their sides, it should follow

that a salt whose crystals are of a given magnitude will dis-

solve four times more slowly than one whose cubes have only

half the size.

That kind of salt, then, which possesses most eminently

the combined properties of hardness, compactness, and perfec-

tion of crystals, will be best adapted to the purpose of packing

fish and other provisions, because it will remain permanently,

between the different layers, or will be very gradually dis-

solved by the fluids that exude from the provisions ; thus fur-

nishing a slow, but constant supply of saturated brine. On
the other hand, for the purpose of preparing the pickle, or of

striking the meat, which is done by immersion in a saturated

solution of salt, the smaller grained varieties answer equally

well ;
or, on account of their greater solubility, even better.

With the hardness or strong aggregation of the several

varieties of salt, it seemed to me not improbable that their

specific gravity might, in some degree, be connected. The

exact determination of this property in saline substances is,

however, a problem of considerable difficulty, as will sufficiently

appear from the various results which have been given, with

respect to the same salts, by different experimentalists. Thus

Muschenbroek makes the specific gravity of artificial muriate

of soda to vary from 1918 to 2148, the mean of which is 2033.

Sir Isaac Newton states it at 2
1 43, and Hassenfratz at 2200.*

* Annales de Chimie, Vol. XXVIII. p. 13.

MDCCCX. P
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All that was necessary for my purpose, was an approximation

to the truth ; and the introduction of a small error could be

of no importance, provided it were the same in every case,

since the comparison would still hold good.

The specific gravity of rock salt, there can be little diffi-

culty in determining with precision. A piece of this salt,* of

such perfect transparency, that I had reserved it as a cabinet

specimen, weighed in the air 513 grains, and lost, when

weighed in alcohol, 194 grains. The alcohol, at the tempera-

ture of 56° Fahrenheit, had the specific gravity of 820, and

hence that of the salt may be estimated at 2170. Another

specimen considerably less pure, and more approaching to a

fibrous fracture, had the specific gravity of 2125 only.

For ascertaining the specific weights of artificial varieties of

salts, I used a very simple contrivance. It consisted of a glass

globe about 3|- diameter, having a stem or neck 10 inches

long. Sixteen cubic inches of water (each 252 •§• grains at 6o°

Fahrenheit,) filled the whole of the globe, and about half

an inch of the lower part of the neck
;
and from the line where

the water stood in the instrument, it was accurately graduated

upwards into hundredth parts of a cubical inch. Into this ves-

sel I poured exactly sixteen cubic inches of a perfectly satu-

rated solution of common salt
; and then added 400 grains of

the salt under examination, washing down the particles that

adhered to the neck by a portion of the liquid, which had been

previously taken out of the globe for the purpose. As much

as possible of the air which adhered to the salt, was dislodged

by agitation ;
and the increase of bulk was then observed.

> - :
.

,

Care was taken that the salts were all of equal temperature,

* Foliated rock salt of Jameson. See his Mineralogy, Vol. II. p. io.
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and dryness, and that no change of temperature happened

during the experiment.

"4C0 grains of the less pure kind of rock Hundredths
of a cub. in.

Henre its

specific

salt, broken down into small fragments, gray, was*

filled the space of - 75 2112

400 grains of stoved salt - - 75 2112

400 do. (another sample) - 76 2084

400 do. common salt -
76 toO CO

f400 large grained fishery salt - - 83 1909

<; 400 do. (another sample) - 83 1909

|_4oo St. Ube's - 82 1992

If the above mode of determination at all approach to cor-

rectness, it would appear that the specific gravity of rock salt

is diminished, by being broken into small fragments, from

2125 to 2112, probably in consequence of the quantity of air

which the fragments envelope, and which cannot be entirely

separated by agitation. From the numbers given in the last

column, it is evident, that the smaller grained salts are spe-

cifically heavier than those which are composed of larger and

more perfect crystals. A difference of only one or two hun-

dredth parts of a cubic inch, is perhaps entitled, in a process

of this kind, to little reliance
;
and I do not therefore regard

it as indicating any material difference in the specific gravity

of the first four, or last three salts submitted to experiment.

But when the difference amounts to eight hundredths, as be-

tween the small and large grained salt, it may safely be

imputed to an inferior specific gravity in that species, which

occupies so much greater a proportional bulk.'*

* Distilled water at 1000 being taken as the standard,

f M. Hassenfratz seems to have suspected that a difference in the specific

P 2
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The last series of experiments proves decisively, that in an

important quality, (viz. that of specific gravity,) which is

probably connected with the mechanical property of hardness

and compactness of crystals, little or no difference is dis-

coverable between the large grained salt of British, and that

of foreign manufacture. If no superiority, then, be claimed

for British salt as applicable to economical purposes, on ac-

count of the greater degree of chemical purity which unques-

tionably belongs to it, it may safely, I believe, be asserted that

the larger grained varieties are, as to their mechanical pro-

perties, fully equal to the foreign bay salt. And the period,

it may be hoped, is not far distant, when a prejudice ( for such,

from the result of this investigation, it appears to be,) will be

done away, which has long proved injurious to the interests

and prosperity of an important branch of British manufacture.

Section III. Account of the Methods of Analyzing the

several Varieties of Muriate of Soda.

The method of analysis which I adopted, in examining the

several varieties of muriate of soda, was as follows.

When the salt was in a state of solution, a measured quantity

was evaporated to dryness in a sand heat, which was carefully

regulated, to avoid the decomposition of the muriate of mag-

nesia, if any of that salt were present in the solution.*

gravity of the same salt may be occasioned by a variation in its state of crystallization.

De la Pesanteur specifique des Sels, Ann. de Chem. XXVIII. p. 17.

* Muriate of magnesia, according to Dr. Marcet, begins to part with its acid at

a temperature a few degrees above that of boiling water. This fact explains the ob-

servation of Mr. Kirwan, that too great a heat, employed in the desiccation of

muriate of magnesia, decreases considerably its solubility in alcohol. (Kirwan on

Mineral Waters, p. 275.)
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Each specimen of salt was reduced to a fine powder, and

was dried, in the temperature of i8o° of Fahrenheit, during

the space of two hours. '1 his was done in order that the

different experiments might be made on precisely equal quan-

tities of salt.

I. To separate the earthy Muriates.

(
A) On 1000 grains of the dried and pulverized salt, (ex-

cept in the case of the foreign salts
.
when only 500 grains

were used,) four ounce measures of alcohol were poured, of a

specific gravity, varying from 815 to 820, and at nearly a

boiling temperature. To insure the access of the fluid to

every part of the salt, they were ground together for some

time in a mortar, and then transferred into a glass mattras,

where they were digested for some hours, and frequently

agitated. The alcohol was next separated by filtration, and

the undissolved part was washed, as it lay on the filtre, with

4 ounce measures of fresh alcohol.

(B
)
The united washings were evaporated to dryness,*

and to the dry mass a small portion of fresh alcohol was

added, to separate the earthy muriates from a little common

salt, which had been dissolved along with them. This solu-

tion might, however, still contain a minute portion of muriate

of soda. It was therefore again evaporated, redissolved in hot

water, and mixed with a solution of carbonate of soda. By boil-

ing ft r some minutes, the whole of the earths were precipitated,

and after being well washed, were re-dissolved in muriatic

acid. This solution, being evaporated to dryness, gave the

* In this and all similar cases, the heat was very cautiously regulated towards the

close of the process.
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weight of the earthy muriates, which had been extracted by

alcohol.*

(
B. a.

)
The dry mass thus obtained might consist either of

muriate of magnesia, of muriate of lime, or of both. An
aliquot part, therefore, was dissolved, separately, for the

purpose of assaying it by the usual tests. Sometimes, as in

the case of the earthy muriates procured from sea salt, mu-

riate of magnesia alone was indicated, and any further process

was rendered unnecessary. Muriate of lime was in no instance

found uncombined
;
but in the majority of cases (as in the

earthy muriates obtained from Cheshire salt) was mixed with

muriate of magnesia.

(B.b.
)
To the solution of two earthy muriates was added

fully saturated carbonate of ammonia, which has the property

of throwing down lime in combination with carbonic acid, blit

has no effect on the muriate of magnesia at ordinary tempe-

ratures. The solution of the latter salt, alongwith that of the

excess of carbonate of ammonia, was therefore separated by

filtration
;
and to the filtred liquor a solution of phosphate of

soda was added, according to the formula of Dr. Wol-
laston.

-

f

* By the analysis of artificial mixtures of pure muriate of soda with the earthy mu-

riates in known quantities, I afterwards found that the full amount of the earthy

muriates was not ascertained in this way of proceeding. The deficiency of the latter

salts was about one sixth ; but as the error must necessarily have been the same in

all, it does not affect the comparison of different varieties of salt, as to their propor-

tion of this ingredient. If the numbers in the 5th column of the table (indicating

the total earthy muriates) be increased in the proportion of six to five, we shall then

obtain the true quantities in each variety of salt.

f See Dr. Marcet’s analysis of the Brighton Chalybeate, published in the last

edition of Saunders on Mineral Waters.
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(B. c.) By direct experiments I had learned that 100 grains

of muriate of magnesia, when thus decomposed by carbonate

of ammonia, conjoined with phosphate of soda, give 151 grains

of an insoluble ammoniaco-magnesian phosphate dried at about
.

go0 of Fahrenheit. Hence it was easy, from the weight of

the precipitate, to calculate how much of the former salt was

contained in the mixture of muriate of lime and muriate of

magnesia. Thus, if 20 grains of a mixture of the two muriates

yielded 15.1 of ammoniaco-magnesian phosphate, it is obvious

that the mixture must have consisted of equal weights of

muriate of lime and muriate of magnesia.

(B. d.) The estimation of the proportion of muriate of lime,

in a mixture of this salt with muriate of magnesia, was some-

times performed in a different way. To a cold solution of a

known weight of the two salts, super-oxalate of potash was

added
;
and the precipitate was collected, washed, and dried

at about 1600 Fahrenheit. Of this precipitate I had previously

found that 116 grains are formed by the decomposition of

100 grains of dry muriate of lime. From the quantity of ox-

alate of lime it was easy, therefore, to infer that of the

muriate, from whose decomposition it resulted
; and this sub-

tracted from the weight of the two salts, gave the weight of

the muriate of magnesia.

II. To separate and estimate the earthy Sulphates.

(C.) The portion of salt which had resisted the action of

alcohol, was dissolved by long boiling in sixteen ounce mea-

sures of distilled water, and the solution was filtered. On the

filtre a small quantity of undissolved matter generally re-

mained, which was washed with hot water, till it ceased to
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have any action. The weight of the insoluble portion was

then ascertained.

(C. a.) By this operation were dissolved, not only the mu-

riate of soda, but all the other salts, insoluble in alcohol, which

might be mingled with it. To the solution, carbonate of soda

was added
;
and the liquid, which in most cases gave, on this

addition, an abundant precipitate, was boiled briskly for seve-

ral minutes, in order that none of the earthy carbonates,

which were separated, might remain dissolved by an excess

of carbonic acid.

( C. b.
)
The precipitated earths were allowed to subside,

and were well edulcorated with boiling water, the washing

being added to the liquor first decanted from the precipitate.

To these united liquids, (after the addition of more muriatic

acid than was required for saturation) muriate of barytes was

added, till it ceased to occasion any further precipitate. The

sulphate of barytes was then washed sufficiently
; dried

;
ig-

nited
;
and its amount ascertained.

To the earthy carbonates, an excess of sulphuric acid was

added in a platina dish, and the mixture was triturated, till all

effervescence ceased. It was then evaporated to dryness,

calcined in a low red heat, and the weight of the earthy sul-

phates was ascertained.

(D. a.) The dry sulphates were washed with a small

quantity of lukewarm water. In several instances, the loss of

weight, thus sustained, was extremely trifling, nothing being

dissolved but a very minute portion of sulphate of lime, of

which earthy salt, solely, the residue was presumed to be

composed.

(D. b.) But in other cases, a considerable loss of weight
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ensued ;
and in these, to the watery solution was added a

mixture of equal parts of saturated solutions of carbonate of

ammonia, and phosphate of soda. A precipitate more or less

copious was produced, which was collected, dried at po° Fah-

renheit, and weighed.

(D. c.
)
By direct experiments I had determined, that qo

grains of this precipitate result from the decomposition of 10c

grains of sulphate of magnesia, of such a degree of dryness,

as to lose 44 grains out of 100, by exposure to a low red heat.

Hence 100 grains of ammoniaco-magnesian phosphate indi-

cate 111 grains of crystallized, on 62.2 of desiccated, sulphate

of magnesia.* From the v/eight of the ammoniaco-magnesian

phosphate, it is easy, therefore, to infer the proportion of sul-

phate of magnesia in any mixture of the two earthy sulphates,

(D. d.) It was possible, however, that in addition to the

sulphates of lime and of magnesia, the quantity of which had

been determined by the foregoing process, the specimen of

salt under examination might contain also an alkaline sulphate.

To decide this point, it was necessary to compare the amount

of the acid, deducible from the weight of the sulphate of ba-

rytes (C. b. ), with that which ought to exist in the sulphate

of lime, and sulphate of magnesia actually found by experi-

ment. But to make this comparison, some collateral experi-

ments were previously necessary.

(D. e.) By these experiments, I found that sulphate of

lime prepared by double decomposition, then calcined in a low

* The assumption that crystallized sulphate of magnesia contains only 44 per cent,

of water, though it was correctly true with the specimen on which I operated, is be-

low the average, which, I find from several experiments, is about one half the weight

of the salt. Mr. Kirwan states the water of crystallization to be 53.6 in too grains;

but this, I believe, a little exceeds the truth.

MDCCCX.
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reel heat, and afterwards dissolved in a large quantity of boil-

ing distilled water, yields, when precipitated by a barytic salt,

in the proportion of 175.9 grains of sulphate of barytes from

100 of the calcareous sulphate.* The same quantity of ignited

sulphate of lime
(
— 128 grains dried at 160° Fahrenheit,)

precipitated by super-oxalate of potash, gives 102.5 of oxalate

of lime
;
or, precipitated by sub-carbonate of potash at a boil-

ing heat, 74.3 grains of carbonate of lime.-f- One hundred

grains of crystallized sulphate of magnesia (=56 desiccated)

afford when precipitated by muriate of barytes, 111 or 112 of

the barytic sulphate.

(E.) By a comparison of the above proportions with those

obtained in the analysis of any specimen of common salt, we

may learn whether it contain other sulphates beside those with

earthy bases. For example, if the precipitate (D.) consist of car-

bonate of lime only, and bear to the sulphate of barytes (C. b.)

the proportion of 74 to 1 75, or very nearly so, we may infer,

that no other sulphate is present, but that of lime. The same

conclusion will follow, if, after having decomposed one half

of the watery solution (C.

)

by muriate of barytes, and another

half by oxalate of potash, we find that the sulphate of barytes

bears to the oxalate of lime, the proportion of 175.9 to 102.5.

* This result corresponds, within a fraction of a grain, with one obtained in a

somewhat different way by Dr. Marcet, and very nearly with an experiment of my

friend Mr. James Thomson, who found the barytic sulphate, precipitated from too

grains of sulphate of lime by nitrate of barytes, to weigh 173 grains.

f On reversing this experiment, I found that 100 grains of carbonate of lime, sa-

turated with sulphuric acid, and calcined in a low red heat, afford 135 of sulphate of

lime. A similar experiment of Mr. Thomson gave 134.6 grains. Dr. Marcet,

also, informs me that from 93.55 grains of pure marble, he obtained 125.95 grains

sulphate of lime, proportions which exactly co-incide with those of Mr. Thomson.
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Now these proportions were, as nearly as could be expected,

obtained in the analysis of Northwich salt; from whence we

may conclude, that the only sulphate which it contains, is

gypsum, or the sulphate of lime.

It must be remembered, however, that the calcareous sul-

phate, contained in any variety of common salt, cannot be in

a state of complete desiccation, but would lose 22 parts out of

ico, by exposure to a red heat.* It becomes necessary, there-

fore, either to increase, in the proportion of 5 to 4, our esti-

mate of the sulphate of lime obtained by the foregoing rule,

or, more simply, to assume that 100 grains of sulphate of

barytes, indicate 73 grains of sulphate of lime, dried at 16b
0

Fahrenheit, = 57 ignited.

(F.
)
When sulphate of lime and sulphate of magnesia,

were both ascertained, and other sulphates also might possi-

bly be present, as in the varieties of salt from sea water, the

calculation became a little more complicated. In this case,

after determining the quantity of both sulphates, (by the pro-

cesses D. &c.
)

I estimated how much sulphate of barytes they

ought respectively to afford
;
and then compared the estimated

quantity, with that which was actually obtained. The earthy

carbonates, for example, precipitated from 1000 grains of

Lymington salt, which had previously been digested with al-

cohol, were converted into 31 grains of calcined sulphates,

consisting of 19 grains of dry sulphate of magnesia, and 12

grains of dry sulphate of lime. Now from the magnesian

sulphate 38 grains of sulphate of barytes should result, and

* This I find to be the loss sustained by ioo grains of artificial selenite, dried at

i6o°, and then ignited. The same quantity of crystallized native selenite, I learn from

Dr. Marcet, loses 20.7 grains, by being calcined in a strong red heat.

O 2
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from the sulphate of lime, 21 grains, the sum of which is 59,

But the quantity actually obtained was 59.8. There is only,

therefore, an excess of 0.8 grain of the actual above the es-

timated quantity, a difference much too trivial to be admitted

as an indication of any sulphate with an alkaline base
; and

arising, probably, from unavoidable errors in the experiment.

(F. a.) If in any mixture of salts, free from the earthy

muriates, we are certain that no other sulphates exist beside

those of lime and magnesia, their estimation becomes ex-

tremely simple. Decompose two equal quantities of the salt

in question, the one by muriate of barytes, the other by oxa-

late of potash. From the weight of the latter precipitate, we

may calculate the quantity of sulphate of lime. Suppose, for

example, the oxalate of lime (as was actually the case with

the precipitate from 1000 grains ofLymington salt,) to weigh

12 grains
;
these denote 15 of sulphate of lime, dried at 160°

Fahrenheit, which quantity, if decomposed, would give 2o£

of sulphate of barytes. The latter number (ao£), subtracted

from the weight of sulphate of barytes actually obtained (say

60), gives 39^ grains for the sulphate of barytes, resulting

from the decomposition of sulphate of magnesia. The quan-

tity of the latter salt, it will be found, therefore, by applying

the rule already given (D. e.), must be 35 grains.

(F. b.
)
The same object may be accomplished by decom-

posing two equal quantities, the one by oxalate of potash, the

other by the compound solution (D. c.). From the weights

of the precipitates, it is easy to calculate from how much of

the calcareous and magnesian sulphates they have resulted.

(G.) When the salt left by alcohol was known to contain

muriate of soda, and sulphate of magnesia, but no sulphate of
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lime, the presence of alkaline sulphates was investigated in

the following manner. The salt was dissolved in water, and

the solution was divided into two equal portions. To the one

muriate of barytes was added, and to the other, the compound

precipitant of carbonate of ammonia, and phosphate of soda.

If the sulphate of barytes, thus produced, bore to the amrao-

niaco-magnesian phosphate, the proportion of 112 to 90, it

was concluded that no other sulphate had been decomposed,

but that with base of magnesia.

(H.) At one time, I expected to have ascertained the quan-

tity of sulphate of soda, in an artificial mixture of that salt

with sulphate of magnesia and muriate of soda, by the fol-

lowing formula. To a solution of the three salts, heated to a

boiling temperature, I added sub-carbonate of ammonia, which

decomposes the sulphate of magnesia only. I had then a so-

lution containing muriate and sulphate of soda, with sulphate

of ammonia, and some carbonate of ammonia. This solution

was evaporated to dryness, and the mass was sufficiently

heated to expel the ammoniacal salts. I found, however, that

at this temperature, the sulphate of ammonia acted upon the

muriate of soda, and produced an additional, and not inconsi-

derable quantity of sulphate of soda.

Having determined, by the foregoing processes, the quan-

tity and kind of the earthy muriates, the amount of the inso-

luble matter, and the proportion of sulphates, the weights of

all these different impurities were added together, and the sum

being deducted from the weight of the salt submitted to ex-

periment, the remainder was assumed as the amount of the

pure muriate of soda in the specimen under examination.*

# I have deemed it unnecessary to state, in the. table, the quantities of acid and
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Though I purposely refrain from giving the details of the

several analyses, which were made according to the foregoing

plan, from the conviction that they would be both tedious and

unnecessary, yet there are a few circumstances, which it may

be proper to mention more fully, than can be done in the

form of a table.

1. The brine which I examined was from Northwich, and

was sent to me in the state in which it was taken from the

spring.* At the temperature of 56° Fahrenheit, it had the

specific gravity of 1205. It was perfectly limpid, but lost a

little of its transparency when raised to a boiling heat, in con-

sequence of the deposition of a very minute quantity of car-

bonate of lime, and oxide of iron. It was immediately pre-

cipitated by muriate of barytes, oxalate of ammonia, and

alkaline solutions, both mild and caustic. Eight ounce mea-

sures, evaporated to dryness in a sand heat, gave 1230 grains

of salt, which, for the sake of distinction, I term entire salt. It

proved, on analysis, to contain in one thousand parts
,-f*

base in the several varieties of muriate of soda. They may readily be estimated from

the proportion, deduced by Dr. Marcet, of 46 acid, and 54 soda, in looofthe pure

muriate. In this determination he assumes, that 100 parts of luna cornea, after being

melted and heated to redness, consist of 19 05 parts of acid, to 80.95 oxide of silver.

This statement agrees very nearly with the recent one of Gay Lussac, who makes

100 parts of silver to combine with 7.60 oxygene, and this oxide to neutralize 25.71

parts of real muriatic acid.

* I have lately been informed that this brine had been pumped out of a rock-salt

mine, into which, from the impossibility of obtaining the salt in a solid form, it was

allowed to flow. Hence it was fully saturated with muriate of soda.

f The specific gravity and proportion of earthy sulphates in Cheshire brine

appears to differ considerably in the brine of different springs. See Holland’s

Cheshire Report, p. 45, &c.
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Carbonate of lime and oxide of iron - *- 2

Muriate of lime, and muriate of magnesia, in nearly

equal proportions - - - - 5

Sulphate of lime - - - - -19
Muriate of soda ----- 974

1000

2. The mother liquor, or brine that remains after separating

all the common salt, which it is thought worth while to ex-

tract, had the specific gravity of 1208. The dry salt contained

Muriate of magnesia - - 35
lime - - - 32

Sulphate of lime - - - 6

Muriate of soda - - 527

1000

3. The clearings of the brine, which are raked out of the

pan when the salt first begins to granulate, contained in 1000

parts,

Muriate of soda - - 800

Carbonate of lime -

Sulphate of lime - - 159

1000

4.

Of the substance called by the workmen pan-scale, two

specimens were analysed, the one containing a large propor-

tion of muriate of soda, the other very little. The first variety

consisted of

Muriate of soda - 950

Carbonate of lime 10

Sulphate of lime - 4°

1000
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The second variety was composed of

Muriate of soda - 100

Carbonate of lime - - 110

Sulphate of lime - - 790

1000.

Circumstances, however, are constantly occurring to vary

the proportion of ingredients, both in the clearings and in the

pan-scale. If, for example, the brine be short of the point of

saturation with common salt, it acts, when admitted into the

pan, upon the muriate of soda which the pan-scale contains,

and we obtain the second variety. But if the brine be fully

charged with salt, it effects no solution of the muriate of soda,

carried down along with the gypsum ; and then the first spe-

cies of pan-scale results.

5. The salt oil, or mother liquor from sea water, a speci-

men of which I received from Dr. Thomson, had the specific

gravity of 1277. It was abundantly precipitated by muriate

of barytes : by pure ammonia, but not by the carbonate
; and

was not changed by oxalate of potash, either immediately or

after an interval of some hours. One thousand parts of the

dry salt consisted of

Muriate of magnesia - “ 874

Sulphate of magnesia - - 70

Muriate of soda - 56

\

1000.

6. The salt brine, or liquor which drains from the Scotch

salt, had the specific gravity of only 1188. It was affected by

the same tests as the salt oil, but less remarkably. The dry

residue contained
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Muriate of magnesia - - -205
Sulphate of magnesia - 135

Muriate of soda - 660

1000.

7. The mother liquor, or bittern pan Lymington, presented, on

analysis, an unaccountable variation from the similar fluid sent

from Scotland, and gave a much larger proportion of sulphate

of magnesia. A considerable quantity of this salt had, more-

over, crystallized in the bottle which contained the liquid. Its

specific gravity was 1280. One thousand parts of the dry

salt contained of

Muriate of magnesia - - 640

Sulphate of magnesia - - 260

Muriate of soda - - 100

1000.

8. The pan-scale from Lymington contained

Muriate of magnesia - - 29

Desiccated sulphate of magnesia - 18

Carbonates of lime and magnesia* - 127

Sulphate of lime 216

Muriate of soda 610

1000.

From the very near approximation of the proportions be-

tween the sulphate of barytes and ammoniaco-magnesian

phosphate, obtained in the analysis of all these products of

sea water, to those which result from the decomposition of

* The proportion of these carbonates I was prevented from determining by an

accident.

MDCCCX. R
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two equal quantities of sulphate of magnesia, it may be inferred

that they contain no sulphate of soda,* For example, to de-

cide whether the Scotch salt contains an alkaline sulphate, or

not, I dissolved 1500 grains in a pint of boiling water, and eva-

porated till fourteen drachm measures only remained, the

common salt being removed as soon as it was formed. The

residuary liquid was divided into two equal portions, one of

which gave 18^ grains of sulphate of barytes, and the other,

14 grains of ammoniacc-magnesian phosphate. The propor-

tion between these numbers is so nearly that which has been

already assigned, (viz. 112 to 90,) that we may safely infer

the total absence of sulphate of soda. This salt, indeed, is

considered as incompatible with muriate of magnesia ;
but after

digesting, for two or three days, 100 grains of the former,

with 20 of the latter, evaporating to dryness, and washing the

residuum with repeated affusions of alcohol, I found that two

grains of the muriate of magnesia had escaped decomposition.

* I employed more attention in investigating the presence of sulphate of soda in

the products of sea water ; because this salt is stated to be one of its ingredients by

the Bishop of Luanda ff, (Chemistry vol. ii. p. 62,) and by other chemical writers,

Manchester,

June 1 9, 1809.
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V. Description of an extraordinary Human Foetus. In a Letter

from Mr. Benj. Gibson, Surgeon ,
to H. Leigh Thomas, Esq .

F.R.S.

Read February 8, 1810.

Manchester, June, 1S09-

Dear Sir,

I have lately had an opportunity of inspecting a singular

human foetus, at the full period of utero-gestation, and hope

that a history of it will not be unacceptable to the learned

Society, of which you are a member. Some deviations, which

it exhibits, from the usual form and structure of the human

body, have not (as far as my information extends) been yet

recorded ;
and the consideration that they were all apparently

compatible with life, gives additional interest to the subject

;

for if the difficulty of parturition had not proved almost im-

mediately fatal, the complex structure of the animal would

have formed no impediment to its existence.

Instances of two entire human bodies united together, are

by no means rare in the collections of anatomists. Sometimes

their conjunction takes place back to back ; sometimes the

reverse ;
at other times side by side ; or in such a position as

to form a kind of cross: the two heads lying in one direction,

and the opposite extremities in another, and intersecting it at

right angles.

That species of monstrosity, however, in which two bodies

are merely united together, does not display in a striking

R 2
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point of view, the resources of nature in accommodating her

means, or modifying her materials to any new situation. All

that is remarkable, is the conjunction of two bodies complete

in themselves : the organs which compose them have their

ordinary structure and arrangement
;
the anatomist or phy-

siologist anticipates nothing curious in their internal configu-

ration. It is principally in those instances of unnatural

deviation, where some parts of the body are formed double,

and others single, that the resources of nature become appa-

rent, in adjusting parts, which, in the natural state of the body,

have no adaptation.

Of this kind is the singular foetus, of which I shall now

proceed to offer the description.

This curious production was formed with two heads placed

side by side, united apparently to one bod^Vith two legs and

two arms. The one head expressed the character of a male,

the other evidently that of a female. This distinction of sex,

conspicuous enough from mere inspection, was still corrobo-

rated by the conformation of the organs of generation. From

external examination it was plain, that there w7ere two spines

corresponding to the two heads ; these were found to termi-

nate in a double os sacrum, tipped with two ossa coccygis-

The superior part of the spines diverged considerably, so that

when the two faces were turned towards each other, the lips

came in contact. Above the first lumbar vertebra, they ap-

proached each other, still however forming two independent

vertebral canals, for the passage of the spinal marrow from

each head. In consequence of the divergence of the spines at

their superior part, the chest was formed much broader than

natural. The common number of ribs were placed on the;
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outside of each spine ; and between the inner sides of the

spines, occupying the space formed by their divergence, was

interposed an equal number of somewhat angular ribs, of

about an inch in length. These were common to both spines,

and possessed a considerable latitude of motion, but were un-

connected with any bone similar to the sternum. These short

ribs, by occupying the situation of the spine in the natural state

of the body, completed the posterior part of the chest.

The only remaining peculiarities in the osseous system,

was a third scapula, small in size, and placed at the root of

each neck, upon the small ribs ; and a third clavicle, inserted

at one extremity into the glenoid cavity of this scapula, and

attached by the other to the upper part of the sternum.

Before I proceed to describe the conformation of the vas-

cular system, and the distribution of the nerves of the thoracic

and abdominal viscera, it will be necessary, first to notice the

arrangement, connection, and number of these viscera.

The chest was divided by the mediastinum into two cavi-

ties, containing, amongst other organs, the lungs, and two

hearts, placed contiguous to each other. It was ascertained

by inflation, that the lungs on the right side were entirely

independent of those on fhe left, each being supplied with air

by a distinct trachea, from the corresponding head. They

were not divided into lobes in the usual way : on the right

side there were only two lobes, on the left only one. The

only peculiarity with respect to the diaphragm was, that

instead of being attached to the spine and lower ribs, on the

right side of the body, it crossed over a considerable portion

of the right lobe of the liver ; this muscle, therefore, assisted

in forming a cavity, which was situated upon the two spines,.
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and descending aorta, and underneath the apex of each heart,

and the large vessels, which entered the right heart from the

liver. In this cavity, which may be considered as a second

abdomen, were deposited, a spleen, pancreas, omentum, and

stomach, connected with the oesophagus of the right head. It

communicated with the usual cavity of the abdomen, by an

opening similar to the foramen of Winslow; for a probe,

introduced underneath the vessels of the liver, passed

into it.

Little irregularity was observable in the viscera of the ab-

domen. A second stomach occupied nearly its usual situation.

With this the duodenum was connected in the common way

;

and at a short distance from the pylorus, was joined by the

duodedum from the stomach placed in the cavity of the chest.

Close to this junction, the ductus communis choledochus, and

ductus pancreaticus, entered the intestine. The only circum-

stance of irregularity in the other intestine was, that the

coecum and that part of the colon, which is, generally, closely

bound down by the peritoneum to the right side, was attached

to it by a membrane of considerable length, which allowed

them to be turned to the right or left side indifferently. All

the intestines, however, were more capacious than natural.

As I anticipated some remarkable deviations from nature

in the formation and arrangement of the vascular system, I

carefully injected the body by the umbilical vein. On inspect-

ing the chest, I found two hearts, formed of the usual

number of auricles and ventricles, and inclosed in separate

pericardia. The heart situated towards the left side, and cor-

responding to the male head, was considerably the largest.

From its ventricles the aorta and pulmonary artery arose in
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the usual way, and communicated with each other by a ductus

arteriosus. The blood conveyed by the pulmonary artery

passed to the lungs situated on the left side of the chest.

From t lie arch of the aorta, the two carotid arteries were sent

off in one trunk, which soon divided. The vertebral and in-

ferior thyroid arteries, with the left axillary artery, were

detached from the aorta, after it had almost completed its

arch, and had received the ductus arteriosus'. This aorta soon

afterwards united with the aorta of the right heart, and des-

cended as one trunk, embedded in the hollow between the

two spines, and resting upon the short ribs, which were con-

nected with them.

With regard to the veins which entered this heart, those

from the lungs terminated in the left auricle, in the usual way.

The vena cava superior terminated in the right auricle, and

had this peculiarity, that it not only received the blood from

the jugular veins of the left head, and from the left subclavian

vein, but from the right subclavian vein also, and from the

jugular veins of the right head. There was also a large ves-

sel, which will be noticed afterwards, forming a communica-

tion between the vena cava superior of this heart (the left),

and the vena cava inferior of the right heart. The principal

peculiarity, however, cf this heart Consisted in a partial defect

of the vena cava inferior. A large vein, which entered the

lower part of the rigut auricle, was formed by the venae cavae

hepaticae, and two ductus venosi, which were smaller than

natural.

The heart situated towards the right side of the chest

differed in many respects from that on the left, both in the

relative situation of the vessels which arose from it, and in.
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three vessels which were deficient. The position of its auri-

cles and ventricles was peculiar, and the whole heart was in

a great measure reversed. The two auricles lay in contact,

and were not separated by the origin of the large vessels.

The ventricle situated towards the right side of the body

gave off the aorta ; whilst the pulmonary artery arose from

the left ventricle, which was contiguous to the heart of the

left side. These vessels were united bv a ductus arteriosus.

The pulmonary artery, however, was not situated before the

aorta at its origin ;
it passed behind the superior part of the

right ventricle, so as to get behind the origin of the aorta,

W'here it was divided into branches, distributed to the lungs of

the right side of the chest. At this point also, the ductus

arteriosus was detached from the pulmonary artery, and fol-

lowing the direction of the aona upwards, appeared like a

second arch, placed behind the arch of the aorta. In fact, the

arch formedby the ductus arteriosus very nearly resembled that

of the aorta, by sending off a large vessel from its convex side.

From the arch of the aorta the carotid arteries were given

off, as distinct branches, but no axillary artery for the arm of

the right side. This vesstd, with the right vertebral, and the

inferior thyroid arteries ofthe right head, were detached from

the middle of the ductus arteriosus in one trunk, which soon

divided into three branches. This aorta then descended a

little, and united to its fellow, from the heart of the left side.

I shall pass over the smaller vessels derived from the de-

scending aorta, and only notice, that in the situation of the

eseliac artery, three or four vessels v/ere given off, crowded

together : they appeared to be destined for the liver, and for

the two stomachs, two spleens, and single pancreas.
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The principal deviation from the natural structure in the

venous system of this heart, consisted in the want of the vena

cava superior. The vena cava inferior might be said to be

natural. It received the veins from the lower extremities,

from one kidney, &c. and also the branches of the venae cavae

hepaticae, which did not terminate in the opposite heart. It

received also a ductus venosus from the umbilical vein. The

only remaining circumstances with respect to the distribution

of the blood vessels, were two very large anastomoses be-

tween the branches of the vena portarum ; and a remarkable

branch of communication, between the lower part of the vena

cava inferior of the right heart, and the vena cava superior of

the left heart. This communicating vessel was detached from

the vena cava inferior, opposite to the right emulgent vein,

and, having crossed over the anterior part of the aorta, below

the origin of the caeliac artery, received the left emulgent

vein. It then proceeded upwards, and terminated in the vena

cava superior. Although this vessel was situated on the left side

of the aorta, it probably served the office of the vena azygos.

Although I have already noticed several instances of curious

conformation, that of the organs of generation was in some

respects the most remarkable. From the features of the two

heads I was led to expect both male and female parts, as the

countenances clearly expressed the two sexes. In these or-

gans the male character was predominant ; the penis was of

good size : the testes in the act of passing into the scrotum : the

vesiculae seminales were perfect and well formed. Still these

parts partook in some measure, of the conformation of the

female organs. The glans penis was formed precisely like

that of the clitoris
;
was covered by a similar prepuce, without

mdcccx. S
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a fraenum. It was also imperforate, like that of the clitoris

;

for although the urethra was continuous with the penis, it did

not perforate the substance of the glans ;
but, for a consider-

able extent, passed on the under surface of the penis, merely

covered by the common integuments : nor was it surrounded

by the corpus spongiosum, till it arrived nearly as far as the

bulb of the urethra. These were all the female characters I

observed, till being induced to open the bladder, which felt

uncommonly thick and muscular, I discovered a uterus placed

in its cavity, in some measure incorporated with the substance,

and forming a part of that viscus. It was situated towards the

most depending part of the bladder ; its fundus projected about

half an inch, whilst the rest of its body and cervix, was in-

corporated with the posterior part of the bladder. From its

superior part, the fallopian tubes proceeded, beautifully con-

voluted ;
they penetrated through the substance of the bladder,

and, as far as I could ascertain, terminated in a cul de sac near

the vesicular seminales. The uterus was hollow
;

its cervix

extended to the beginning of the urethra, where it terminated

by an oval opening on the prostate gland, nearer to the neck

of the bladder than the verumontanum. I could not discover

whether the ovaria were connected with the uterus, but it is

extremely probable, that they were situated exterior to the

bladder, near the termination of the fallopian tubes, and might

have been removed accidentally, during the dissection of parts,

where their existence was little expected.

As I had no reason to believe that there was any variety

in the distribution of the nerves of the extremities, my atten-

tion was principally directed to those of the thoracic and

abdominal viscera.
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The eighth pair of nerves had its natural origin from each

brain, and gave off the usual branches in passing down the

neck. In the chest, the pair derived from the right head sup-

plied the right heart, lungs, stomach, &c. The pair from the

left head, was distributed in a similar manner to the organs 0/

the left side. Branches were detached from each pair to the

semilunar ganglion.

A pair of intercostal nerves proceeded also from each head.

In describing them, it will be convenient to distinguish those

which passed on the inside of each spine, by the name of

inner intercostals : those on the outside of each spine, by that

of outer intercostals. There was this peculiarity in the inner

intercostal nerves, that they passed along, without giving off,

or receiving communicating branches, or forming the usual

ganglia, in consequence of the want of all the cervical, dorsal,

and lumbar nerves, on the inner side of each spine, except the

first cervicals. In the chest, the two inner intercostals formed

a junction, and accompanied the descending aorta downwards.

But before this joint nerve arrived at the semilunar ganglion,

two considerable branches were detached, which continued to

accompany the aorta, and were ultimately lost in the cavity

of the pelvis. The greatest part of the nerve, however, ter-

minated in the semilunar ganglion.

The outer intercostals, or those passing on the outside of

each spine, had, as far as I could investigate them, their usual

distribution.

I have already had occasion to mention the deficiency of all

the cervical, dorsal, and lumbar nerves, on the inside of each

spine; except the first cervicals, of course all the nerves,

which are commonly derived from them, were wanting. Thus

S 2
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there was only one pair of the phrenic nerves ; one nerve on

the outside of each neck, which was distributed to the dia-

phragm in the usual way. The other nerves from the spinal

marrow were in like manner distributed, as if the body had

had but one spine. Thus the nerves of the right arm and leg,

were supplied by the right side of the right spinal marrow :

those of the left arm and leg, by the left side of the left spinal

marrow.

These are all the circumstances connected with this curious

foetus, which I think worthy your notice
;
and, having already

sufficiently trespassed upon your patience, I subscribe myself

Your obliged Servant,

B. GIBSON.

Explanation of Plate III.

Anterior View of the Heart and Arteries , removedfrom the Body.

2

.

The right ventricle of the heart, connected with the left

head.

2. The left ventricle.

3. The right auricle.

4. The left auricle.

5. The pulmonary artery at its origin.

6. The ductus arteriosus.

7. The aorta,

8. The trunk, from which the two external carotid arteries

of the left head arose.
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9. The trunk, from which the vertebral, the inferior thyroid

arteries, and the left axillary artery, arose.

10. The aorta after it has completed its arch, and is proceed-

ing to unite with the aorta, from the heart of the right

head.

1 1 . The left ventricle of the heart, corresponding to the right

head.

1 2. The right ventricle.

13. The aorta, arising from the right ventricle.

14. The right external carotid artery of the right head.

15. The left external carotid artery.

16. The left vertebral artery, arising from the arch of the

aorta as a distinct vessel.

17. The pulmonary artery, where it detaches the ductus

arteriosus.

18. Branches of the pulmonary artery.

19. A vessel detached from the ductus arteriosus, from which

the right axillary, the right vertebral, and the inferior

thyroid arteries, are derived.

20. The point of junction between the aorta of the right and

left heart.

81 . The descending aorta.

22. The umbilical vein.

23. Two ductus venosi detached to the left heart.

24,. A trunk formed by the venae cavae hepaticae.

25. Large anastomoses formed between the branches of the

vena portarum.

2 6. The vena cava inferior, terminating in the left auricle of

the right heart.

§7. A large vessel, which forms a communication between
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the vena cava inferior of the right heart, and the vena cava

superior of the left heart

28. Vena cava superior, terminating in the right auricle of the

left heart.

29. A trunk formed by the left subclavian vein, and the jugu-

lar veins of the left side of the left head.

go. A trunk formed by the jugular veins of the right side of

the left head.

31. A trunk formed by the jugular veins of the left side of

the right head.

32. A trunk formed by the right subclavian vein, and the

jugular veins of the right side of the right head.

Explanation of Plate IV.

Posterior View of the Hearts and Arteries.

1. Left heart.

2. Right heart.

3. Ductus arteriosus of the left heart.

4. Ductus arteriosus of the right heart.

5. The arch of the aorta of the right heart, where it receives

the ductus arteriosus.

6 . A trunk, from which the vertebral and inferior thyroid ar-

teries, with the left axillary artery, arose from the aorta.

7. The left vertebral artery of the right head, arising from

the arch of the aorta, just as it receives the ductus

arteriosus.

8. A trunk arising from the ductus arteriosus, which supplied

the right vertebral, the right axillary, and the inferior thy-

roid arteries.





V.

,

'

/

i

\

\
-



Jfiilos.Trans . 'MDCCCX.VZate IV.p . 13 4-





extraordinary Human Foetus . 135

9. The pulmonary arteries.

10. The descending aorta.

11. Vena cava inferior, terminating in the right heart

12. Vena cava superior, terminating in the left heart.

13. A considerable vessel of communication, passing between

the vena cava superior of the left heart, and the vena cava

inferior of the right heart.

14. The umbilical vein.

15. Ductus venosh
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VI. Observations on the Effects of Magnesia, in preventing an

increased Formation of Uric Acid; with some Remarks on the

Composition of the XJrine. Communicated by Mr. William

T. Brande, F. R. S. to the Society for the Improvement of

Animal Chemistry , and by them to the Royal Society .

Read February 2s, 1810.

Mr. Home’s enquiries into the functions of the stomach, and

his discovery of liquids passing from the cardiac portion, into

the circulation of the blood,* led him to consider, that the

generality of calculous complaints might possibly be pre-

vented, by introducing into the stomach, such substances as

are capable of preventing the formation of uric acid, and that

this mode of treatment would have many advantages over the

usual method, which consists in attempting to dissolve the

uric acid after it is formed.

He consulted Mr. Hatchett on the substance most likely

to produce this effect, and asked if magnesia, from its insolu-

bility in water, was not well adapted for the purpose, as it

would remain in the stomach, until it should combine with any

acid, or be carried along with the food towards the pylorus.

Mr. Hatchett knew of nothing more likely to produce

the desired effect ;
and on putting this theory to the test of

experiment, it was found by a very careful examination of

® Philos. Trans, 1808.
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the urine, that in several instances where there was an

increased formation of uric acid, magnesia diminished it in a

much greater degree than had been effected by the use, and

that a very liberal one, of the alkalies in the same patient.

This circumstance led Mr. Home to wish for a more com-

plete investigation of the subject, and he requested me to

assist him in the prosecution of it. Since that time many op-

portunities have occurred of carrying on the inquiry during

an attendance on patients, labouring under calculous com-

plaints.

It is proposed to lay the results of our joint labours before

this Society, with a view to establish a fact of so much impor-

tance in the treatment of those diseases.

The four following cases, include the principal varieties of

the disorder, which have been met with, and are therefore

selected from among many others, to prevent unnecessary

repetitions. In each of them the urine was occasionally care-

fully analysed.

CASE I.

A gentleman, sixty years of age, who had been in the habit

of indulging in the free use of acid liquors, had repeatedly

passed small calculi composed entirely of uric acid ; his urine

immediately after being voided, deposited at all times a con-

siderable quantity of that substance, in the form of a red

powder, and occasionally in larger crystals.

Nine drachms of subcarbonate of soda, dissolved in water

highly impregnated with carbonic acid, and taken in the

course of the day at three doses, appeared to have no effect

whatever on the formation of uric acid ; the red sand was

MDCCCX. T
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deposited as usual, and the small calculi continued to

form.

On account of the inefricacy of this medicine, he was advised

to try the vegetable alkali, and three drachms of subcarbonate

of potash dissolved in water, slightly impregnated with car-

bonic acid, were taken at similar intervals.

The deposit of uric acid in the urine, was now somewhat

diminished
;
but during this free use of alkalies, which with

little interruption, was persevered in for more than a year,

the small calculi still continued to be voided.

The very unusual disposition to form uric acid, and the

complete failure of the common alkaline medicines, rendered

this case particularly favourable for the trial of magnesia, as

it would afford an opportunity of comparing its effects with

those of the alkalies.

Previous to giving the magnesia, the urine was examined,

to ascertain the quantity of uric acid it contained : this being

done, the patient was directed to take fifteen grains of mag-

nesia three times a day, in an ounce and a half of infusion of

gentian : in a week the uric acid was found, by examining the

urine, to have diminished in quantity, and after the first three

weeks, it was only occasionally met with.

The use of magnesia has been persevered in for eight

months, during which time no calculi have been voided, nor

has there been any material deposit in the urine.

This patient was extremely subject to heartburn, and he

likewise complained of a sense of weight and uneasiness about ''

the region of the stomach, both of which symptoms have

disappeared.
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A gentleman, about 40 years of age, had during four years

occasionally voided considerable quantities of uric acid, in the

form of red sand, and had once passed a small calculus.

His urine was generally, more or less turbid, and after

taking any thing which disagreed with his stomach, even in a

slight degree, the red sand often made its appearance. He
had never used the alkalies nor any other medicine, to alleviate

his disorder, he was consequently desired to take a drachm

and a half of subcarbonate of soda, dissolved in a pint and a

half of water highly impregnated with carbonic acid, in the

course of the day, and to persevere in this treatment for some

time.

On the 30th of January 1809, he left London, and returned

on the 6th of March following.

During his absence he had voided rather less uric acid than

usual, but had had one severe attack, in consequence of which,

twenty drops of the solution of pure potash were added to

each dose of the soda water ; this, however, had not the de-

sired effect, for on the 10th of March, having taken more

wine than usual on the preceding day, he was attacked with

pain in the right kidney, and voided with his urine a con-

siderable quantity of uric acid, in the form of minute red

crystals. During the succeeding day, he made but little

water, which deposited a copious sediment of red sand.

For the removal of this symptom, he wras directed to take

magnesia, in the dose of twenty grains every night and morn-

ing, in a little w'ater ; for three successive days his bowels

were unusually relaxed, but afterwards became regular. He
T 2
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persevered in its use for six weeks without intermission
;
his

urine was several times examined during that period, and

contained no superabundant uric acid, and he has not had the

slightest return of his complaint, although he has put himself

under no unusual restraint in his mode of living.

CASE III.

About the middle of October 1808, a gentleman, forty- three

years of age, after taking violent horse exercise, was seized

with pain in the right kidney and ureter. In the course of

the night he passed a small uric calculus. For some months

previous to this attack, he had felt occasional pain in the kid-

ney, but had never voided either calculi or sand. His urine

was now always turbid, and occasionally deposited red sand.

On the 28th of October he began the use of soda water,

and for a time, his urine was much improved in appearance,

but the uric acid gradually returned, and at the end of De-

cember, notwithstanding the continued use of the soda water,

he voided more sand, and his urine was more loaded with

mucus, than it had ever been before.

In consequence of these symptoms, on the 3d of January

1809, he was directed to take twenty grains of magnesia

every night.

The urine was examined after the third dose, and the de-

posit of red sand was diminished in quantity, but it did not

disappear entirely, after the magnesia had been taken for three

weeks.

About this time (on the 26th of January) he caught cold,

and his urine was again very turbid, but this was found to be

wholly the effect of mucus, and the symptom soon left him..
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On the 30th of January, he took twenty grains of magnesia,

and repeated it every night and morning, until the 1st of

March, when his urine was perfectly healthy, and he left it

off.

On the 1st of June, he again voided a little uric acid, in the

form of red crystalline sand : this attack was attended with a

slight pain along the right ureter. He returned to the use of

the magnesia, which he took twice a day for three weeks, in

the same dose as before, and from that time to the middle of

November, there had been no symptoms of a return of the

complaint.

CASE IV.

A gentleman, aged fifty six, after recovering from a severe

fit of the gout, voided constantly a large quantity of mucus in

his urine, a symptom which he had never before noticed.

There was also, occasionally, abundance of red sand, consist-

ing principally of uric acid, but he had never voided a calculus.

His stomach was uncommonly weak, he was often affected

with heartburn, and an almost constant pain in the neighbour-

hood of the right kidney. He had been in the habit of taking

tincture of bark, and other spirituous medicines, from a

belief, that the pain in his right side arose from gout in the

.stomach.

He had already attempted to use the alkalies, which had

produced such unpleasant sensations in the stomach, that he

could not be prevailed upon to try them again in any form.

Under these circumstances, he readily acceded to a new

plan of treatment. He was directed to omit the use of spi-

rituous medicines, and take twenty grains of magnesia, three
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times a day in water, 'but this operating too powerfully upon

the bowels, the same quantity of magnesia was taken twice a

day only, with an addition of five drops of laudanum to each

dose.

This plan was pursued without intermission for three weeks,

and he received considerable benefit, as far as concern ed the

state of the stomach, and pain in the region of the kidney.

The urine, which was examined once a week, was also, on

the whole improved, but it occasionally deposited a very

copious sediment, consisting of uric acid, with a variable pro-

portion of mucous secretion.

After a further continuance of the use of the magnesia for

three weeks, the urine was often much loaded with uric acid,

and mucus, but these appearances, which before the use of

the magnesia were constant, are now only occasional, so that

the disposition to form a redundant quantity of uric acid, is

much diminished : it is also deserving of remark, that there

has not been the slightest symptom of gout from the time of

the last attack, which is more than a year back, a longer in-

terval of ease, than this patient has experienced for the last

six years.

He has now omitted the regular use of the magnesia, but

on perceiving any unpleasant sensation in the stomach, he

returns to it for a week or ten days, and then again leaves

it off.

From the preceding cases it appears, that the effects of

magnesia taken into the stomach, are in many respects dif-

ferent from those produced by the alkalies, in those patients

in whom there is a disposition to form a superabundant quan-

tity of uric acid.
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With a view to ascertain their comparative effects on

healthy urine, when taken under the same circumstances, the

following experiments were made.

Experiment j. On Soda .

Two drachms of subcarbonate of soda were taken on an

empty stomach at nine o'clock in the morning, dissolved in

three ounces of water, and immediately afterwards, a large

cup of warm tea.

In six minutes, about one ounce of urine was voided
; in

twenty minutes six ounces more ; and after two hours, a

similar quantity.

The first portion became very turbid, within ten minutes

after it had been voided, and deposited a copious sediment of

the phosphates, in consequence of the action of the alkali upon

the urine. It slightly restored the blue colour to litmus paper

reddened with vinegar : the alkali therefore, was not merely

in sufficient quantity to saturate the uncombined acid in the

urine, and consequently to throw down the phosphates, but

it was in excess, and the urine was voided alkaline.

The urine voided after twenty minutes, also deposited a

cloud of the phosphates, but the transparency of that voided

two hours after the alkali had been taken, was not disturbed.

Here, therefore, the effect of the alkali upon the urine, was

at its maximum, probably in less than a quarter of an hour

after it had been taken into the stomach, and in less than two

hours, the whole of the alkali had passed off.

Experiment 2. On Soda, with excess of Carbonic Acid.

The same quantity of soda, dissolved in eight ounces of
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water, very highly impregnated with carbonic acid, was taken

under the same circumstances as in the former experiment,

and the urine was voided at nearly similar intervals.

The separation of the phosphates was less distinct, and less

rapid. In two hours after the urine had been voided, there

was a small deposit, composed principally of phosphate of

lime
; there was also a distinct pellicle on the surface, consist-

ing of the triple phosphate of ammonia and magnesia. This

appearance, produced by the escape of the carbonic acid,

which had before retained the ammoniaco-magnesian phos-

phate in solution, and which now occasions its deposition on

the surface, is by no means uncommon, even in the urine of

healthy persons : in the present instance, it appears to prove,

that carbonic acid passes offfrom the stomach, by the kidnies,

for after taking the alkalies in water, very highly impregnated

with it, the pellicle is uniformly produced, and is also much

more abundant and distinct, than under any other circum-

stances.

In similar experiments with potash, the results were in all

cases as similar as could be expected in researches of this

nature.

Experiment 3. On Magnesia.

Magnesia was taken under circumstances similar to those

of the soda in the former experiment : in the quantity of half

a drachm, it produced no sensible effect upon the urine during

the whole day. When taken in the dose of a drachm at nine

o’clock in the morning, the urine voided at twelve o’clock be-

came slightly turbid : at three o’clock the effect of the magnesia

was at its maximum, and a distinct separation of the phosphates

took place, partly in the form of a film, which when examined.
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was found to be the triple phosphate of ammonia and mag-

nesia, and partly in the state of a white powder, consisting

almost entirely, of the triple phosphate and phosphate of lime.

The effect of large doses of magnesia, in producing a white

sediment in the urine, is very commonly known, and has been

erroneously attributed to the magnesia, passing off by the

kidnies.

These experiments, shew that magnesia, even in very large

doses, neither produces so rapid an effect upon the urine, nor

so copious a separation of the phosphates, as the alkalies ; on

this its value as a remedy in calculous disorders seems ma-

terially to depend.

Experiment 4. On Lime.

Two ounces of lime water, taken in the morning upon an

empty stomach, with a cup of milk and water, produced no

effect whatever

A pint of lime water, taken at four intervals of an hour

each, produced a slight deposition of the phosphates at the

end of the fifth hour. The urine voided at the third hour

was not at all affected ; at the fifth hour, the effect appeared

at its height, but was not nearly so distinct as from small

doses of soda, notwithstanding the insoluble compounds which

lime might be expected to form with the acids in the urine.

The unpleasant taste of lime water, the quantity in which

it requires to be taken, on account of the small proportion of

the earth which is held in solution, and the uncertainty of its

effect, are circumstances which render it of little use, except-

ing in some very rare cases, where it has been found to agree

particularly well with the stomach.

UMDCCCX.
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The effect of carbonate of lime upon the urine, was much

less distinct than that of lime water : at times it produced no

effect, but when taken in very large doses, a slight deposition

of the phosphates was produced.

These experiments were repeated upon three different in-

dividuals, and there was always an uniformity in the results.

When the medicines were taken some hours after food

being received into the stomach, their effects upon the urine

were retarded, but not prevented.

The effects of many other substances upon the urine were

examined into during this investigation, but they varied so.

much according to circumstances, that no satisfactory results

were produced.

As it is found in the foregoing experiments, that the effects

of soda on the urine are modified by the presence of car-

bonic acid, the following experiment was made, to ascertain,,

whether any sensible effects are produced by that acid on

healthy urine.

Twelve ounces of water very highly impregnated with

carbonic acid, were taken upon an empty stomach at nine

o’clock in the morning. At ten o’clock about eight ounces

of urine were voided, which had a natural appearance, but

when compared with urine voided under common circum-

stances, was found to contain a superabundant quantity of

carbonic acid : this gas was copiously given offwhen the urine

was gently heated, orwhen it was exposed under the exhausted

receiver of an air pump.

In a patient who had a calculus of large dimensions

extracted from the bladder, composed entirely of the phos-

phates, and whose stomach did not admit of the use of stronger
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acids, carbonic acid was given in water ;
it was found peculiarly

grateful to the stomach, and upon examining the urine during

its use, the phosphates were only voided in solution, but when

at any time it was left off, they were voided in the form of

white sand.
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Six’s Time. Therm. Therm Barom. Hy- Rain. Winds.
Therm. without. within. gro-
least and me-
greatest ter.

Heat. H. M. O 0 Inches. Inches. Points. Str.

Jan. 1

0

37 8 c 39 48 29,61
0

74 0,085 E 1 Rain.

39 2 0 39 5 1 2 9>59 74 E 1 Cloudy.
2 3 « 8 0 39 47 2948 75 0,290 E 1 Foggy.

4 i 2 0 4 1 5 ° 29-+4 73 E 1 Cloudy.

3 3 i 8 0 3 1 47 29 > 3 + 75
CO0d NE 2 Snow.

33 2 0 33 5 ° 29,36 72 NNE 1 Sleet.

4 29 8 0 3 1 47 29,66 75 NE 1 Cloudy.

33 2 0 33 49 29,70 73 E 1 ]Rain.

5 32 8 0 33 47 29,70 73 0,062 E 2 Cloudy.

33 2 0 33 49 29,65 71 E 1 Cloudy.

6 33 8 0 39 47 2 9>53 73 ES£ 1 Cloudy.

47 2 0 46 5 ° 29,50 74 S 1 Cloudy.

7 43 8 0 45 48 29>33 73 SE 2 Cloudy.

46 2 0 45 5 ° 29,13 7 2 S 2 Rain.

8 40 8 0 44 49 28,92 73 °, i 45 SE 2 Rain.

47 2 0 47 5 2 28,50 74 SE 1 Cloudy.

9 38 8 0 40 48 29,40 73 0,235 sw 1 Cloudy.

45 2 0 45 5 i 29,26 74 s 1 Rain

10 38 8 0 42 48 29,2

1

75 0,403 s 1 Cloudy.

47 2 0 47 5 2 29,16 73 sw 1 Cloudy.

1

1

36 8 0 39 49 29,38 72 sw 1 Cloudy.

46 2 0 46 53 29,42 6 5
SsW 1 Fair.

1

2

38 8 0 39 5 ° 2 9’47 72 sw 1 Cl Judy.

4 i 2 0 4 i 5 2 29,56 70 NW 1 Cloudy.

13 34 8 0 35 5 ° 29,7 k 70 NVV 1 Cloudy.

40 2 0 39 53 29,7

1

70 S 1 Rain.

H 3o 8 0 3 i 49 29,81 70 0,085 NW 1 Cioudy.

34 2 0 34 5 i 29,84 6 3 NNE 1 Cloudy.

«5 28 8 0 28 48 29,76 7 ° E 2 Snow.

3o 2 0 28 5 1 29,77 6
5

E 1 Cloudy.

16 2 7 8 0 28 46 30,05 65 NE 1 Cloudy.

30 2 0
1 30 49 3°, 1

2

61 NE 1 Cloudy.
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1809

Six’s

Therm,
least and
greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Wine s*

Weather.'

H. M. 0 O Inches. Inches. Points. Str.

Jan. 17

O

27 8 O 28 46 3°;°9
0

6 3
ENE 1 Cloudy.

3 ° 2 O 29 5 1 30,04 61 E 1 Fair.

18 20 8 O 20 44 29,92 63 E 1 Fair.

27 2 O 27 47 29,86 63 E 1 Fair.

19 20 8 O 22 42 29>74 66 E 1 Cloudy.

30 2 O 28 46 29>59 65 E 1 Sleet.

20 28 8 O
3 1 43 29,51 67 NE 1 Cloudy.

33 2 O 33 47 29,47 70 N 1 Cloudy.
21 32 8 O 3 Z 44 29,48 72 NE 1 Cloudy.

35 2 O 35 48 29,54 69 N 1 Cloudy.
22 3 1 8 O 32 44 29, 16 73 NE 1 Snow.

35 2 O 35 47 29,03 74 NE 1 Snow.
2 3 22 8 O 22 43 29,65 66 W 1 Cloudy.

3 i 2 O 3 ° 47 29,72 65 sw 1 Cloudy.

24 3° 8 O 33 43 2 9’37 75 ENE i Sleet.

47 2 O 35 47 29,46 7 6 E 1 R aln.

2 5 3 ° 8 O 44 46 29,50 70 1,403 wsw 2 Cloudy.

44 2 O 37 48 29>75 66 NW 1 Cloudy.
26 35 8 O 48 47 29,25 ? 6 0,208 s 2 Cloutly.r much wlnd

5 ' 2 O 48 5 i 29.19 60 w 2 Cloudy.
L E

27 42 8 O 45 49 2 9’5 3 73 s 2 Cloudy.

5 2 2 O 52 53 29,45 73 s J Cloudy.

28 49 8 O 5° 5 1 29,60 73 s 2 Cloudy.

55 2 c 55 55 .
29,48 59 s 2 Fair.

29 47 8 0 48 5 1 29,30 73 SSE 2 Cloudy.

52 2 0 52 55 28,95 6 3 s 3 Cloudy.

3° 44 8 0 44 52 29’43 68 s 2 Cloudy.

5° 2 0 5° 54 28.92 70 s 2 Rain.

31 39 8 0 39 5 ° 29,72 t>6 0,231 sw 1 Cloudy.

47 2 0 47 55 29,88 61 sw 1 Fine.

a 2
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1809

Six’s

Therm,
least and
greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Winds.

Weather.

H. M. 0 O Inches. Inches. Points. Str.

Feb. 1

O

42 7 O 48 52 29,80
0
70 s 2 Cloudy.

54 2 O 53 5 6 29,66 6 5 s 2 Cloudy.

2 48 7 0 49 53 29,52 68 ssw 2 Cloudy.

52 2 O 52 56 29,51 64 ssw 2 Cloudy.

3 49 7 O 5 1 56 29,22 72 0,305 ssw 2 Rain.

55 2 O 55 58 29,20 65 sw 2 C oudy.

4 45 7 O 46 55 29>47 68 0,042 s 2 Rain.

5 ° 2 O 50 57 29,47 61 s 2 Cloudy.

5 43 7 0 45 54 29,40 70 0,085 s 2 Rain.

5 ° 2 0 50 58 29’37 67 sw 2 Cloudy.

6 44 7 0 46 54 29,36 68 0,265 ssw 1 Fine.

5 i 2 O 5 ° 57 29,40 66 ssw 2 ain.

7 39 7 0 40 54 29,87 65 00d NNE 1 Cloudy.

4 i 2 0 4 i
5 6 29,95 6 3 NE 1 Cloudy.

8 34 7 0 34 52 29,94 6 3 E 2 Cloudy.

35 2 O 35 53 29,82 6 5 E 2 Cloudy.

9 34 7 O 42 5 1 29>43 72 0,225 E 2 Rain.

53 2 O 52 54 29’34 73 SSE 1 Cloudy.
10 48 7 0 48 53 29,30 70 S 2 Cloudy.

5 2 2 O 52 57 29,26 65 SSW 2 Fair.

1

1

46 7 O 46 54 29,13 72 0,053 ssw 1 Cloudy.

5 i 2 0 50 5 6 29,02 62 ssw 2 Cloudy.

12 43 7 0 47 53 28,90 67 0,085 ssw 2 Cloudy.

5 1 2 0 5 ° 57 28,77 67 ssw 2 Cloudy.

>3 43 7 0 46 53 28,76 64 0,052 Ssw 2 Cloudy rmtbCh wind

53 2 0 52 5 6 28,96 58 sw 2 Fair
' L Iast n ' shli'

44 7 0 44 54 29,22 70 0,070 ssw 2 Cloudy.

52 2 0 5 i 57 29,30 61 ssw 2 Cloudy.

*5 44 7 0 44 54 29,71 69 0,045 s 2 .Sloudy.

53 2 0 5 i 57 29>57 71 s 2 Clouay.

16 43 7 0 44 54 29,82 7 i 0,1 20 s 2 Fair,

5 1 2 0 5 ° 57 29.75 63 s 2 Cloudy.



METEOROLOGICAL journal

for February, 1809.

1809

Six’s

1 he ’ •

least and

greatest

Heat.

Pure. Therm.
wicnout.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Winds.

Weather.
'

H. M. 0 0 Inches. Inches. Points. Str.

Feb . 17

O

47 7 O 47 5
6 29.54

0

7° ssw 1 Cloudy.

5 ? 2 O 5 2 57 29,72 57 sw 1 Fair.

18 46 7 O 53 57 29>79 73 0,033 ssw 2 Cloudy.

57 2 O 57 59 29,90 60 w 2 Cioudy.

J 9 39 7 O 39 5 6 30,46 60 wsw 1 Fine.

5 2 2 0 5 i 58 3°-44 60 sw 1 Fine,

20 46 7 O 46 5
6 30,22 70 ssw 2 Cloudy.

52 2 O 5 i 58 30,03 6 7 0 2 Cloudy.
21 40 7 O 40 5 6 29,98 S8 wsw 2 Cloudy.

43 2 O 42 5 6 3°, 10 54 NW 2 Fair.

22 34 7 O 34 54 30,32 60 WNW 1 Cloudy.

44 2 O 44 56 3°> 29 56 NW 1 Cloudy.

23 40 7 O 45 54 30, to 60 NW 2 Cloudy.

5 2 2 O 5 2 57 30, '4 57 NW 2 Fair.

24 4 i 7 O 44 55 30,32 61 W 1 Cloudy.

47 2 O 47 57 y- -3 2 57 SSW 1 Fair

25 4! 7 O 4i 54 30,27 6t SW 1 Cloudy.

48 2 O 48 57 3° -3° 58 SW 1 Cloudy.

26 34 7 O 34 53 3°»45 06 sw 1 Fair.

47 2 O 47 57 3^42 58 sw 1 Fine.

27 33 7 O 38 53 3° 3 • 6 5
wsw 1 Fair.

5‘ 2 O 49 5 6 3° 37 02 sw 1 Fine.

28 35 7 O 35 53 3° 34 68 sw 1 Foggy.

53 2 O 53 57 3°^3° 56 wsw l Fine.
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for March, 1809.

1809

Six’s

Therm
least and

greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
Igro-

>me-

Rain Winds.

Weather.

H. M. 0 O Inches.

ter.

Inches. Points. Str.

Mar. 1

O

42 7 O 42 54 30,28
0

70 sw 1 Cloudy.

50 2 O 5 ° 5 6 30,25 67 E 1 Cloudy.
2 40 7 O 40 53 30 . 3 5 68 0,102 N 1 Cloudy.

47 2 O 47 54 3°>43 63 E 1 Cloudy.

3 34 7 O 34 53 3°'39 66 NE 1 Fair.

45 2 O 45 5 6 3°>34 57 NR 1 Fine.

4 40 7 O 42 54 3°, 1 6 6 7 S 1 Cloudy.

47 2 O 47 5
6 3003 61 ssw 1 Cloudy.

5 40 7 O 40 S 3 30,18 66 Ob NE 1 Cloudy.

45 2 O 44 53 30,20 6 3 NE 1 Cloudy.
6 34 7 O 34 5 2 30,28 64 NE 1 Cloudy.

4 i 2 O 4 i 54 3°’3 1 64 NE 1 Cloudy.

7 36 7 0 3 6 5
2

3 °- 37 66 E 1 Cloudy.

40 2 O 40 55 30,40 64 NE 1 Cloudy.
8 3 6 7 O 3 6 5

2 3°-47 70 E. 1 fossy-

45 2 O 43 54 3°’47 66 SW 1 Fair.

9 35 7 O 35 5
1 3°>35 68 SW 1 Cloudy.

53 2 O 53 54 30,28 65 W 1 Cloudy.

10 44 7 O 44 53 30,24 6 7 NE 1 Cloudy.

49 2 O 48 57 30,23 55 NE 1 Fine.

1

1

33 7 O 33 53 30,28 6 3 NE 1 Fair.

46 2 O 45 55 30,24 56 NE 1 Fair.

12 40 7 O 40 53 30,07 6 5 NE 2 Cloudy.

48 2 O 48 57 30,11 5 6 NE 2 Fair.

13 35 7 O 36 53 30, 2 j 63 NE 1 C oudy.

47 2 O 47 55 30,24 54 NE 1 CiOitdy.

14 3 6 7 0 4 i 53 30,24 70 NE 1 Cloudy,

46 2 0 46 55 3 ° 30 60 NE i Fa’r.

1 5 37 7 0 37 53 30,44 61 NE i Cloudy.

47 2 0 44 5 ° 3°’44 58 NE i Fair

16 37 7 0 38 53 30,27 64 W 1 Cloudy.

52 2 0 S 2 55 30,20 56 WN'A 1 Cloucy.
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for March, 1809.

1809

Six’s

Therm,
least and
greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Winds.

Weather.

H. M. O O Inches. Inches. Points. Str.

Mar.17
0

44 7 O 45 54 30,20
0

6 3 NW 1 Cloudy.

55 2 O 54 57 30,19 57 NW 1 Cloudy.

18 45 7 O 45 5 6 30,16 6i NE 1 Cloudy,

54 2 O 53 57 - 30,11 53 NE 1 F air.

1 9 40 7 O 4° 55 30,05 6 3 NE 1 Cloudy.

5 1 2 O 5 i 57 30,00 60 E 1 Cloudy.

20 44 7 O 44 55 29,96 66 N 1 Cloudy.

5 1 2 0
5 ° 57 30,02 6 3 NE 1 Cloudy.

21 41 7 O 42 5 6 30,14 60 NE 1 Cloudy.

SP 2 O 48 57 30,10 65 ENE 1 Cloudy.

22 43 7 O 45 5 6 30,10 66 E 1 Cloudy.

59 2 O 58 58 30,04 6
5

S 1 Fair.

23 44 7 O 45 57 29,97 6 3 E 1 Cloudy.
62 2 O 61 60 29.86 53 SSE 1 Fine.

24 48 7 O 48 58 29,71 68 0,032 sw 1 Cloudy.

57 2 O
5 6 61 29,65 56 sw 1 Cloudy.

2 5 48 7 O 48 57 2 9,34 68 0,158 sw 1 Rain.

5 2 2 O
5 1 59 29,31 56 WNW 1 Fair.

26 39 7 O 42 57 29, 1 8 6 3 E 1 Cloudy.

53 2 O
5 2 5 6 29,18 57 SE 2 Cloudy.

27 36 7 O 37 5 6 29,29 66 ENE 1 Foggy.

5
6 2 O 56 57 29>35 55 S 1 Cloudy.

28 40 7 O 43 5
6 29,45 6 5 NE 1 Foggy.

54 2 O
S 3 58 29 47 60 E 1 Cloudy.

29 4° 7 O 4 1 5 6 29,70 6 5 0,370 NE 1 Cloudy.

47 2 O 47 57 29.80 58 NE 1 Cloudy.

3° 3 6 7 O 38 55 29,86 6 3 N 1 Cloudy.

46 2 O 46 5 6 29,83 60 N 1 Cloudy

3 1 4 1 7 O 44 55 29,8

1

64 ENE 2 Cloudy.

5 1 2 O 48 57 29,75 58 NE 2 Cloudy.

1



n s 2

METEOROLOGICAL JOURNAL

for April, 1809.

Six’s Time. Therm. Therm. Barom. iy- Rain. Winds.
Therm. .vithout. within. rro-

1809
east and ne -

Weather.
greatest er.

Inches.Heat. H. M. O O Inches. Points. Str.

Apr. 1

O

37 7 O 38 53 29’/4
0

59 NE 2 Cloudy.

45 2 O 45 55 29,72 60 NE 2 Cloudy.

2 3 2 7 O 34 53 29,82 6 3 NE 1
]

Fair.

44 2 O 44 55 29,82 55 N 1 Hail.

3 3° 7 O 3 2 5 1 21,90 60 N 1 Fine.

44 2 O 4 i 54 29,92 54 NE 2 Cloudy.

4 2 9 7 O 3 i 5 i 30,0 5
6 3 NE 2 Cloudy.

41 2 O 40 5 2 3°,ir 59 N 2 Snow.

5 29 7 O 3 2 50 30,28 00 MW 1 Cloudy.

42 2 O 42 5
1 3 °> 3° 5

6 NNE 1 Fair.

6 3° 7 O 33 5 ° 30,28 63 NW 1 Hazy.

48 2 O 46 5 2 30,17 54 SW 1 Cloudy.

7 40 7 O 40 5 ° 30,14 7° Oin
c5 E 1 Rain.

47 2 O 46 54 30,22 60 E 1 Cloudy.

8 56 7 O 38 5 1 3 °> 3 2 60 E 1 Fair.

i 5 1 2 O 5 i 54 30,32 5 2 S 1 Fair.

9 38 7 O 4 > 5 1 30,16 62 ssw 1 Cloudy.

54 2 O 53 53 30,05 57 s 2 Cloudy.

1C 43 7 O 44 5 2 29,92 63 NW 1 Cloudy.

57 2 O 56 5
6 29 78 57 WNW 1 Hazy.

1 47 7 O 47 53 29,56 64 NW 1 Cloudy.

55 2 O 54 5 6 29,40 6 3 W 1 Rain.

12 33 7 0 35 53 29,80 60 0,105 NW 1 Fair.

5 1 2 O 5° 55 29,8

1

5 ° NW 1 Fair.

1 42 7 O 44 53 29.36 66 0,043 W 1 Cloudy.

54 2 O 53 56 29,2

1

55 SW 2 Cloudy.

i
I 4° 7 O 42 53 29,08 6a 0,147 SW 2 Fine.

1

5 2

4 2

2

7

O
O

48

43
55

54

29,06

29,40
63
6 5 0,305

SSW
NW

1

1

Rain. rpehtni
J

ns
, • 1 & thunder.
Fair.

50 2 O 5 ° 55 29,59 5 6 NW 1 Cloudy.

1 5 42 7 O 46 53 29,07 70 0.200 S 2 Rain.

5<5 1
2 O 55 57 29,06 5 6 s 2 Cloudy.
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for April, 1809.

1809

Six’s

Therm,
least and
greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Winds.

Weather.

H. M. O O Inches. Inches. Points. Str.

Apr. 1

7

O

40 7 O 40 54 n

!

'Ob 00

0

70 0,570 w I Rain.

45 2 O 44 55 29,24 6 5 NW I Rain.

18 34 7 O 35 S 2 29,55 67 0,215 NE I Sleet.

45 2 O 45 53 29,62 60 NNE 2 Cloudy.

*9 30 7 O 33 5 1 29,80 63 NE 2 Fine.

47 2 O 47 53 29,75 5 2 NE I Cloudy.

20 35 7 O 35 5 i 29,75 64 0,045 NE I Snow.

46 2 O 46 53 29,68 60 SW 1 Cloudy.

21 34 7 O 36 5 2 29,58 70 0,525 NE I Snow. F
much *now

5 ° 2 O 49 53 29,59 60 SE 2 Cloudy.
6 ‘

22 45 7 O 46 53 29,65 62 0,205 NE 2 Cloudy.

5° 2 O 48 55 29,74 65 NE I Cloudy.

2 3 43 7 O 43 53 30,00 67 NE 2 Cloudy.

46 2 O 46 53 30,10 64 NE 2 Cloudy.

24 42 7 O 42 52 30,29 70 NE 2 Cloudy.

49 2 O 47 54 3°>32 65 NE 2 Cloudy.

25 38 7 O 40 53 30,34 67 NE 2 Cloudy.

5° 2 O 5° 55 30,24 63 NE I Hazy.
26 47 7 O 47 54 29>93 70 0,035 SW I Rain.

5 ° 2 O 5 ° 55 29,80 67 SSW I Rain.

27 48 7 O 49 54 29,70 72 0,240 SSW I Cloudy.

55 2 O 53 56 29,64 63 s I Cloudy.

28 48 7 O 49 56 29,40 68 0,065 SE I Rain.

56 2 O 53 58 29,44 63 E I Rain.

29 40 7 O 4 i 5 6 29,63 65 0,125 NE 2 Cloudy.

47 2 O 47 5 6 29,72 55 NE 2 Cloudy.

3° 36 7 O 40 55 29,78 58 NE 1 Fine.

54 2 O 53 57 29,68 5 2 N 1 Fair.

b
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for May, 1809.

1 809

Six’s

Therm,
least and
greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Winds.

Weather.

H. M. O O Inches. Inches. Points. Str.

May 1

O

47 7 O 49 55 2 9’37

0
68 wsw 1 Cloudy.

53 2 O 50 57 29,28 63 sw 1 Rain.
2 38 7 O 42 54 29=43 6 3 0,180 WNVV 1 Fair.

53 2 O 49 57 29,52 53 NW 1 Cloudy. [Thunder.

3 36 7 O 40 55 29,80 61 0,5 22 w 1 Fair.

54 2 O 53 57 29,85 48 wsw 1 Hazy.

4 40 7 O 45 55 29,96 6 3 w 1 Hazy.

57 2 O 55 58 29,92 57 sw 1 Cloudy.

5 48 7 O 5 ° 57 29,90 67 0,023 sw 1 Cloudy.

57 2 O 5 5 58 30,02 5 2 NW 1 Fair.
6 42 7 O 46 57 30,23 58 NW 1 Cloudy.

60 2 O 59 59 30,24 5 ° NW 1 Fair.

7 5° 7 O 53 58 3°G 3 60 NW 1 Fair.

68 2 O 67 62 30,33 48 SSW 1 Fair.

8 50 7 O 54 59 30,34 58 S 1 Fine.
68 2 O b-j 6 3 30,30 5° E 1 Fair.

9 47 7 O 5 1 59 30,23 55 NE 1 Hazy.
66 -2 O 66 6 5 30,12 52 E 1 Hazy.

10 47 7 O 53 61 30,08 62 E 2 Fair.

68 2 O 66 6 5 3 °, °I 55 E 1 Fair.

1

1

50 7 O 55 62 30,0c 60 E 1 Hazy.
72 2 O 72 6 5 30,00 5o E 1 Fine.

1

2

55 7 O 59 64 30,01 60 W 1 Fine.

76 2 O 75 66 29,98 48 S j Fine.

13 5 1 7 O 55 64 30,00 64 SW 1 Fine.

76 2 O 75 6 7 29=94 5° S 1 Fine.

H 53 7 O 59 6 5 29,96 56 E 1 Fine.

75 2 O 74 67 z9=94 49 E i Fine.

J 5 56 7 O 60 66 29,85 60 E 1 Hazv.
67 2 O 64 66 29 = 83 60 E 1 Rain.

1

6

54 7 O S 8 65 29,79 62 E 1 Hazy.

73 2 O 73 67 29,78 So E 1 Fine.
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for May, 1809.

1809

Six’s

Therm,
least and
greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Winds.

Weather.

H. M. O O Inches. Inches. Points. Str.

May. 1

7

O

55 7 O 60 66 29,88
0

60 ENE 1 Hazy.

75 2 O 74 68 29,86 5° E 1 Hazy.
18 53 7 O 63 66 29,82 58 E 1 Cloudy.

73 2 O 78 68 2 9-77 5 i SE 2 Hazy,
l 9 64 7 O 64 68 29,60 59 E 1 Rain. rwuci,

72 2 O 7 1 69 29,55 55 ESE 2 rcill . lightning

20 55 7 O 53 67 29,78 6 3 0,285 S 2 Cloudy.
(

66 2 O 66 66 29,83 58 SSE 2 Cloudy.

21 5 i 7 O 5 6 64 29,95 60 S 2 Fair.

6 3
2 O 62 64 29,95 56 s 2 Cloudy.

22 5° 7 O 53 63 3°oS 62 ssw 1 Fair.

69 2 O 68 65 3°,2I 53 SE i Fair.

z 3 5 i 7 O 5 6 63 30,26 58 NE 1 Mazy.

68 2 O 68 6 5 30,24 5 ° E i Fine.

24 48 7 O 52 6 3 30,20 62 NE 1 Fair.

68 2 O 68 65 3°’ *5 50 E 1 Cloudy.

25 5 ° 7 O 5 i 62 30,10 62 NE 1 Cloudy.

61 2 O 61 6 3 30,00 55 E 1 Cloudy.

26 51 7 O 53 61 29,go 60 E 1 Cloudy.

65 2 O 6 5 63 29,82 5 6 E 1 Hazy.

27 5 6 7 O 53 62 29,60 65 SSW 1' Cloudy.

69 2 O 69 6 3 29,62 50 s 2 Cloudy.

28 5 2 7 O 5 6 62 29,64 (30 s 1 Fine.

7 1 2 c 70 64 29,61 52 s 2 Fair.

29 52 7 0 5 6 62 29-54 60 C,I 20 s 2 Fine.

67 2 0 67 63 29,48 53 ssw 2 Fair.

3° 47 7 0 49 62 29,78 60 0,082 wsw 1 Cloudy.

64 2 0 6 3 62 29,90 47 wsw 1 Fair.

3 1 5 1 7 0 54 61 29-77 bo sw 2 Cloudy.

63 2 0 61 61 29-73 54 s 2 Cloudy.

b 2
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for June, 1809.

1809

Six’s

Therm,
least and
greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Winds.

Weather.

H. M O O Inches. Inches. Points. Str.

June 1

0

54 7 O 58 60 29,50
0

58 SE 2 Cloudy.

74 2 O 73 64 29,40 5 1 SsE 2 Fair.

2 5 i 7 O 53 6l 2 9>33 55 S 2 Cloudy, fimich wind

60 2 O 58 6l 29,56 54 S 2 Cloudy.
1 8 '

3 45 7 O 5 ° 59 30,04 5/ S 2 Fine,

64 2 O 62 6x 30,00 48 SE 2 Fair.

4 5 1 7 O 5 6 61 29,68 60 0,048 ESE 1 Cloudy.

67 2 O 67 6 3 29,67 53 S 2 Fair.

5 53 7 O 58 61 29>37 6 5
E 2 Cloudy.

64 2 O 6 3 62 29,30 58 ESE 2 Cloudy.
6 52 7 O 55 60 29 > 5 8 57 0,154 SSE 2 Fair.

62 2 O 58 61 29,64 60 S 2 Rain.

7 5° 7 O 54 59 29,71 6 3 0,072 S 2 Rain.

64 2 O 64 61 29>79 53 s 2 Fair.

8 5° 7- O 54 59 29,85 62 0,088 s 2 Cloudy.
61 2 O 60 60 29,67 62 S 2 Rain.

9 5 1 7 O 53 59 29,55 62 0,090 SSW 1 Cloudy.
62 2 O 58 60 29,57 57 w 1 Cloudy.

10 48 7 O 52 58 29,55 6 3 0,020 sw 1 Cloudy.

63 2 O 62 60 29,55 56 SW 1 Fair.

1

1

5 1 7 O 5 1 58 29,69 53 0,123 w 1 Cloudy.
60 2 O 58 60 29,82 57 NW 1 Cloudy.

12 5 ° 7 O 54 59 30,09 6 3 sw 1 Fine.

70 2 O 69 61 30,09 55 sw 1 Fair.

*3 54 7 O 57 59 30,00 66 sw 1 Cloudy.

7 1 2 O 70 61 30,01 5 2 sw 1 Fair.

‘4 55 7 O 59 60 29,97 64 sw 1 Cloudy.

69 2 O 68 62 29,91 55 s 2 Fair.

*5 55 7 O 57 60 29,88 61 ssw 1 Cloudy.

67 z O 66 62 29,88 5 ° N 1 Hazy.
16 5 i 7 O 55 61 29,96 54 NNE 1 Hazy.

70 2 O 70 6 3 29,94 48 NW 1 Fair.
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for June, 1809.

1809

Six’s

Therm

.

least and
greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Winds.

Weather.

H. M. 0 O Inches. Inches. Points. Str.

Junei?
O

53 7 O 55 6 l 29,85
0

6

1

sw 2 Cloudy.

74 2 O 73 63 29,77 49 wsw 2 Hazy.
18 53 7 O 55 61 29,78 58 NW 2 Fine.

65 2 O 63 62 29,84 5 ° NW 2 Fair.

*9 48 7 O 54 6

1

29,90 58 NW 1 Fair.

69 2 O 69 63 29,90 48 NE 1 Fair.

20 57 7 O 60 62 29,99 64 NNE 1 Cloudy.

77 2 0 75 64 30,06 5 2 NNE 1 Fair.

21 56 7 O 60 64 30,21 60 NNE 1 Fine.

76 2 O 74 66 30,24 5 i E 1 Fine.

22 56 7 O 60 3°> 3 2 60 E 1 Cloudy.

73 2 O 70 66 30, 3 1 54 E 1 Cloudy.
2 3 59 7 O 62 65 3 o,3 1 6 3 NE 1 Fair.

78 2 O 78 67 30,27 5° NE 1 Hazy.

24 5 6 7 O 61 66 30,34 59 NE 1 Fair.

73 2 O 77 68 30,33 48 ENE 1 Fine.

2 5 5 6 7 O 58 6 7 30,44 58 NE 1 Fair.*

70 2 O 69 67 30,43 50 NNE 3 Fine.

26 47 7 O 5 2 65 30,42 58 NE 2 Fair.

67 2 O 66 66 30,35 49 NE 2 Fair.

27 - 43 7 O 5 2 64 30,24 60 NE 1 Cloudy.

70 2 O 70 66 30,16 46 NE 1 Fair.

28 55 7 O 55 6 5 30,08 6
5

NE 1 Rain.

67 2 O 64 6 5 30,03 56 NS 1 Cloudy.
29 53 7 O 53 64 30,02 64 0,410 NE 1 Cloudy.

6 3 2 O 61 64 29,99 60 NE 1 Cloudy.

3° 5° 7 O 55 6 3 29,95 6 3 ENE 1 Cloudy.
70 2 O 70 65 29,88 5 1 SW 1 Fair.
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for July, 1809.

1809

Six’s

Therm
least and

greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Winds.

Weather.

H. M. O O Inches. Inches. Points. Str.

July 1

0

54 7 O 59 63 29,8 I

0

64 s 2 Cloudy.

7 1 2 O 70 6 5 29,80 53 s 2 Fair.

2 5 6 7 O 61 64 29,78 6 l E 1 Fair.

73 2 O 69 65 29,72 56 W 1 Cloudy.

3 5
Z 7 O 54 6 3 29,54 61 0,410 wsw 1 Fair.

62 2 O 57 64 29,5! 55 NW 1 Cloudy.

4 5° 7 O 5 ° 62 29,45 64 0,200 sw 1 Rain.

60 2 O 60 62 29,44 60 s 2 Rain. ["Thunder &

5 5 i 7 O 54 62 29,55 66 0,34° NE 1 FT. zy.
*- llshtnmg -

6 3 2 O 59 62 29,58 62 ENE 1 Rain.
6 53 7 O 55 61 29,71 66 0,052 E 1 Rain.

66 2 O 6 3 62 29,72 67 E 1 Rain.

/ 5 « 7 O 58 62 29,83 73 0,295 NE 1 Rain.

69 2 O 69 62 29,81 6 3 NE 1 Fair, fMuch
8 59 7 O 61 62 29,80 BO 0.283 NE 1 Rain. < lightning &

72 2 O 7 1 6
5 29,85 53 E I Fair. Lnight.

9 53 7 O 54 6 3 29.88 70 c CO NE 2 Rain.

57 2 O 57 62 29,84 65 N 2 Cloudy.
10 54 7 O 54 62 29.88 7 1 0,075 N 2 Rain.

61 2 O 59 62 29,92 72 NNE 1 C oudy.

1

1

5 i 7 O 5 \
61 30,05 66 °» I 55 NE 1 Cloudy.

68 2 O 6 6 6 3 3°,°5 56 NNE 1 Fine.

12 55 7 O 60 62 30,10 68 W I Hazy.

74 2 O 74 64 30,08 53 w 1 Cloudy.

13 6 3 7 O 63 6 3 30,09 62 N 1 Cloudy.

7 i 2 O 70 6 5 3 °,J 3 48 NE 1 Fine.

14 54 7 0 58 64 30,20 57 WSW 1 Fair.

74 2 0 74 66 30,17 48 sw i Fair.

15 58 7 0 61 65 30,08 60 wsw i Cloudy.

73 2 0 72 6 5 3°,°4 53 w 1 Cloudy.

16 58 7 0 62 6 5 29,99 62 w 1 Fair.

75 2 0 74 67 29,92 47 WNW 2 Fair.
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for July, 1809.

1809

Six’s

Therm,
lease and
greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain, Winds.

Weather.

H. M. O 0 Inches. Inches. Points. Str.

July 17

O

54 7 O 62 6 5 29-74
0

62 W I Cloudy.

70 2 O 69 66 29,74 52 w I Cloudy.

18 5 i 7 O 52 6 5 29,90 56 NE I Cloudy.

63 2 O 63 65 29,94 46 WNW I Cloudy.

J 9 50 7 O 5
6 63 30,02 55 WNW I Fine.

70 2 0 69 64 30,04 49 WNW I Hazy.
20 57 7 O 60 63 30,09 62 NNW I Cloudy.

72 2 O 7 1 66 30,17 53 NE I Fair.

21 54 7 O 56 64 30,22 66 NNE 1 Fair.

72 2 O 7 l 65 3°, 1

8

46 E I Cloudy.
22 53 7 O 57 64 30,06 62 NE 1 Cloudy.

66 2 O 65 64 30,00 56 NE I Cloudy.

23 54 7 O 5 6 63 29,90 6 3 NE I Cloudy,

74 2 O 73 66 29,84 52 E I Fair.

24 53 7 O 57 65 29,84 7° NE I Cloudy.

7 1 2 O 70 67 29,8

1

57 NE 1 Fine.

25 58 7 O 59 66 29,77 73 NE 3 Cloudy.

78 2 O 78 68 29.74 5 ^ N i ^ air ' f I.asi night

26 60 7 O 60 67 29,74 73 cnO«\O N I Cloildy. \
lightning

74 2 O 73 68 29^73 64 N 1 Cloudy, t ^
thunder.

27 61 7 O 61 68 29,72 74 0’ ! 35 N I ClOlidy . ) lightning

73 2 O 72 68 29,72 62 SW 1 Cloudy. thunder.

28 61 7 O 61 68 29,63 6 3
Od SW I Cloudy.

69 2 O 67 67 29,64 64 W I Cloildy.

29 54 7 O 59 65 29,75 60 °,°35 SW 2 Fair.

7 1 2 O 69 67 29,76 5 ° SSW 2 Cloudy.

3° 59 7 O 59 65 29,60 72 0,195 SSW 1 Cloudy.

7 i 2 O 69 66 29,58 56 s 1 Cloudy.

3 « 56 7 O 60 64 29,54 6 5 0,1 15 s 2 Cloudy.

69 2 O 69 66 29>53 53 s 2 Cloudy.
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for August, 1809.

1809

Six’s

Therm,
east and

Time. Therm.
without.

Therm,
within.

Barom. Hy-
,ro-

ne -

er.

Rain. Winds.

Weather.
greatest

Heat. H. M. O O Inches. Inches. Points. Str.

Aug. 1

O

57 7 O 58 64 29,64
0

64 0,042 ssw z Fair.

7 2 2 O 71 66 29.68 53 NW 1 Fair.

2 56 7 O 58 64 29,74 6 3 SSW 1 Fair.

7 i 2 O 7° 65 29,70 5 i SW 2 Fair.

3 57 7 O 59 64 29,38 67 SSE 2 Rain.

69 2 O 69 66 2 9>34 53 SSW 2 Cloudy.

4 • 5 ° 7 O 54 6 3 29,42 60 0,062 SSW 2 Fair.

61 2 O 59 63 29,52 66 w 2 Rain.

5 5 ° 7 O 54 6 3 29,78 62 °,°55 SW 1 Fair.

65 2 O 62 6 3 z9>74 60 S 2 Rain.

6 57 7 O 60 63 29,40 72 0,048 s 2 Cioudy.

68 2 O 68 64 29,30 58 s 2 Cloudy.

7 56 7 O 5
6 63 29,60 62 0,065 WSW 2 Cloudy.

68 2 O 66 6 3 29,76 53 w 2 Cloudy.

8 55 7 O 60 63 29’93 7 i WSW 1 Cloudy.

73 2 O 7 2 65 29,96 54 SW 2 Fair.

9 56 7 O 60 64 29,95 67 E 1 Cloudy.

74 2 O 74 66 29,90 53 SE 2 Fair.

10 59 7 O 62 65 29,90 6 5 E 1 Hazy.

79 2 O 79 68 29,82 5 ° ESE 1 Fair. C Much

1

1

65 7 O 65 67 29,69 67 O CNO SW 1 CloudyJ
78 2 O 77 69 29,7 1 52 SSW 2 hair. ^ last night.

12 57 7 O 59 66 29,69 65 0,030 S 1 Cloudy.

66 2 O 63 65 29,68 59 s 1 Cloudy.

13 55 7 O 58 64 29,80 6 5 0,2 1

0

ssw 2 Cloudy.

66 2 O 65 6
5 29,80 58 s 2 Cloudy.

14 55 7 O 58 64 29,89 66 0,095 s 2 Cloudy.

68 2 0 67 65 29,78 56 s 2 Cloudy.

15 59 7 O 60 63 29,75 7 1 0,065 SW 1 Cloudy.

7° 2 O 68 64 29,78 57 SSW 1 Cloudy.

16 60 7 O 61 6 3 29,87 74 0,045 s 1 Cloudy

72 2 O 7 i 65 29,92 60 s 2 Cloudy.
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for August, 1809.

1809

Six’s

Therm,
least and
greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Winds.

Weather.

H. M. O O Inches. Inches. Points. Str.

Aug.17

O

59 7 O 62 64 29,85
0

67 0,072 E 1 Cloudy.

79 2 O 78 68 29,80 55 S 1 Fair.

18 58 7 O 59 65 29,81 6 5 Ob4- Co s 1 Rain.

71 2 O 70 67 29,75 60 s 2 Fair.

J 9 57 7 O 59 64 29,82 70 pb ON SSE 2 Fine.

69 2 O 69 66 29,76 55 s 2 Cloudy.

20 57 7 O 58 65 29,95 67 0,042 ssw 1 Cloudy.
68 2 O 68 66 29,96 5 6 s 2 Fair.

21 5 6 7 O 58 64 29,85 70 s 2 Cloudy.
6 5 2 O 64 64 29,78 68 s 2 Rain.

22 5 2 7 O 55 6 3 29,84 65 °,°75 s 1 Fine.

68 2 O 67 65 29,78 5 2 ssw 2 Fair.

Z3 52 7 O 55 6 3 29,60 66 0,030 s 1 Fine.

63 2 O 68 6 5 29>54 5 * ssw 2 Fair.

24 5° 7 O 53 6 3 29,48 6 5 s 1 Fine.

66 2 O 6 3 64 2 9>43 56 s 2 Fair.

2 5 49 7 O 5i 62 29,42 56 0,190 sw 1 Fair.

65 2 O 61 6 3 29,48 57 s 1 Cloudy,
26 49 7 O 5 2 62 29,83 67 0.033 sw 1 Fair.

65 2 O 60 62 29,78 6 3 s 2 Cloudy.

27 53 7 O 55 62 29,76 64 sw 1 Cloudy.

65 2 O 6 5 62 29,78 58 w 1 Cloudy.
28 54 7 0 55 62 29,96 70 sw 1 Fair.

70 2 O 70 64 3°,°5 50 ssw 1 Fair.

29 5 6 7 O 58 62 30,09 6
5

ssw 1 Cloudy.

7 2 2 O 72 6 5 30,07 49 s 1 Fine.

30 61 7 O 62 6 5 29,88 6 3 E 1 Fair.

77 2 O 77 6 ? 29,85 56 s 1 Fair.

31 63 7 O 63 65 29,85 64 NE 1 Cloudy.

65 2 O 6 S 66 29,84 64 NE 1 Cloudy.
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1 809

Six’s

Therm,
least and
greatest

Heat.

Time. Therm

.

without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Winds.

Weather.

H. M. 0 0 Inches. Inches. Points. Str.

Sept. 1

O

58 7 O 58 65 29,80
0

66 NE 1 Cloudy.

64 z O 64 6 S 29,79 6 3 NE 1 Cloudy.

2 59 7 O 60 64 29,67 65 ENE 1 Cloudy.

7 2 2 O 72 66 29,62 57 E 1 Fair.

3 60 7 0 61 66 29,60 7 1 E 1 Fine.

71 2 O 7 1 67 29,63 56 SSE 2 Cloudy.

4 60 7 O 61 66 29,61 68 0,032 NE 1 Cloudy.

70 2 O 64 67 29,58 73 NE 1 Rain, [Thunder.

5 59 7 O 59 66 29>53 77 0,75° N 1 Foggy.

72 2 O 7 1 67 29,50 60 ssw 1 Fair.

6 59 7 O 59 67 29,52 73 sw 1 Cloudy.

7 l 2 O 7 i 68 29,49 5 6 s 1 Fair.

7 59 7 O 59 66 29,26 7 1 0,075 E 1 Cloudy.

66 2 O 65 67 29,28 60 S 2 Fair.

8 54 7 O 55 65 29 > 3 1 68 0,050 NE 1 Rain.

66 2 O 65 66 2 9>44 57 N 1 Cloudy.

9 53 7 O 54 64 29,58 7 * 0,075 NV7 1 Cloudy.

67 2 O 67 66 29,66 55 NW 1 Fair.

10 54 7 O 55 6 5 29,69 67 wsw 1 Fine.

67 2 O 66 6 5 29,67 5 6 sw 1 Cloudy.

1

1

5 1 7 0 5 2 64 29,68 70 wsw 1 Cloudy.

65 2 O 65 66 29,72 64 WNW 1 Fair.

12 5 ° 7 O 52 6 3 29,80 66 0,056 W 1 Cloudy.

65 2 O 65 64 29,81 53 NW 1 Fair.

1 3 48 7 O 5° 6 3 29,83 66 SW 1 Fine.

. 63 2 O 63 6 3 29,83 60 sw 1 Cloudy.

14 5 6 7 O 56 62 29,66 7 1 0,205 ESE 2 Cloudy.

64 2 O 64 6 3 29,65 6i ESE 2 Cloudy.

15 54 7 O 55 62 29,92 74 NE 1 Fine.

66 2 O 65 63 30 .06 56 NE 1 Cloudy.

16 5 ° 7 O 52 62 30 16 66 N 1 Cloudy.

65 2 O 65 62 30,09 60 SW 1 Cloudy.
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1809

Six’s

Therm,
least and
greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gr°-

me-
ter.

Rain. Winds.

Weather.

H. M. O 0 Inches. Inches. Points. Str.

Sept. 1

7

O

57 7 O 57 62 30,00
0

7 1 ssw I Cloudy.

67 2 O 67 63 29,98 54 wsw I Cloudy.

18 54 7 O 5 6 62 2 9>93 69 s I Cloudy.

64 2 O 64 63 29,79 68 s 2 Cloudy.

1 9 52 7 O 53 61 29,66 60 0,030 w 2 Fair.

63 2 O 62 63 29,76 52 w 2 Fair.

20 49 7 O 5 2 61 2 9’55 65 E 2 Cloudy.

66 2 O 64 61 29,32 73 S 2 Rain.

ZI 55 7 O 5 6 61 29,52 6
5 0,095 WSW 2 Cloudy.

64 2 O 64 62 29,80 53 NW 2 Fair.

22 54 7 O 57 6 1. 29,59 73 0,183 s 2 Rain.

69 2 O 67 64 29,68 55 wsw 2 Fair.

2 3 59 7 O 61 62 29,63 66 ssw 2 Cloudy.
66 2 O 66 64 29,70 54 sw z Fair.

24 5 i 7 O 5 2 62 29,83 62 0,110 ssw 2 Fair.

60 2 O 55 61 29,85 6 3 ssw 2 Rain.

25 5 ° 7 O 57 60 29,66 65 0,085 ssw 2 Rain.

58 2 O 5 2 60 29,75 66 NW I Rain.

26 42 7 O 43 53 29,98 70 0,420 sw I Fine.

53 2 O 53 60 30,01 52 wsw I Fine.

27 49 7 O 53 58 29,56 70 0,060 s 2 Rain.

64 2 O 60 59 29,85 66 ssw 2 Rain.

28 4 i 7 O 42 57 29,81 64 0,180 wsw I Fine.

55 2 O 47 57 29,84 66 NW I Rain.

29 40 7 O 4° 57 29,96 66 0,090 w Fair.

53 2 O 53 59 29,98 55 ¥/ I Fair.

3 ° 43 7 O 46 57 29,94 67 sw 1 Rain.

53 2 O 57 58 29,85 72 sw I Rain.

c 2
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1809

Six’s

Therm,
east and
greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Winds.

Weather.

H. M. O O Inches. Inches. Points. Str.

Oct. 1

0

49 7 O 5 ° 57 3°AO
0

67 0,030 s 1 Cloudy.

57 2 O 57 58 30,18 57 N 1 Fair.

2 5° 7 O 53 57 30,28 7° ssw 1 Cloudy.

61 2 O 61 59 3 °> 3 1 72 s 1 Cloudy.

3 57 7 O 57 58 30,32 73 ssw 1 Cloudy.

63 2 O 62 60 30.3° 6 7 s 1 Cloudy.

4 5 6 7 O 56 58 30,19 68 1_ E 1 Cloudy*

62 2 O 62 62 30,16 58 ESE 1 Fine.

5 47 7 O 48 59 30,08 70 NE 1 Fair.

61 2 O 61 6 3 30,08 58 E 1 Fine.

6 5 2 7 O 53 60 30,06 76 NE 1 Cloudy.

62 2 O 61 62 30,05 58 E 1 Cloudy.

7 5° 7 O 5 2 60 30,05 69 NNE 1 Cloudy.

60 2 O 59 62 30,07 57 E 1 Fine.

8 43 7 O 44 59 30,09 6 7 NNE 1 Fair.

57 2 O 56 60 3°.io 57 ENE 2 Fine.

9 43 7 O 44 57 30,09 62 NE 2 Fine.

5 2
2 O 5 1 59 30,08 53 E 2 Fine.

10 40 7 O 4 2 56 30,04 60 NNE 1 Cloudy.

55 2 O 5 ° 57 30.03 5 2 ENE 2 Fair.

I ! 43 7 O 45 56 30,00 57 E 2 Fine.

5° 2 O 5° 57 30.03 53 E 2 Fine.

12 40 7 O 40 55 30,12 58 NNE I Cloudy.

49 2 O 49 58 30,11 54 E I Fair.

13 35 7 O 3 6 55 30,20 60 NNE 1 Fair.

48 2 O 48 58 30,21 54 E I Fair.

14 35 7 O 36 54 30,28 61 NE 1 Fair.

5 1 2 O 5 1 57 30,28 57 N I Fair.

*5 36 7 O 37 53 30,34 65 NNE I Cloudy.

49 2 O 49 5 6 30,28 60 S I Fine.

16 40 7 O 42 53 3°. *3 65 SSW 1 Cloudy.

56 2 O 5 6 56 30,08 64 ssw I Cloudy.
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1809

Six’s

Therm,
least and
greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Winds.

Weather.

H. M. O O Inches. Inches. Points. Str.

Oct. 17

O

53 7 O 53 54 3°’ r 3

0

75 sw 1 Cloudy.
60 2 O 60 57 3 0,I0 66 ssw 1 Cloudy.

18 53 7 O 53 5 ? 30,08 75 0,083 ssw 1 Rain.

59 2 O 59 58. 30,10 70 sw 1 Cloudy.

l 9 55 7 O 55 57 3 °,I 4 77 sw 1 Cloudy.

59 2 O 59 59 30,15 76 sw 1 Cloudy.

20 53 7 O 53 57 3005 72 sw 1 Cloudy.

55 2 O 55 53 30,17 6 7 ssw 1 Cloudy.

21 5 1 7 O 5 2 57 30,15 72 ESE 1 Cloudy.

5 6 2 O 56 59 30,10 6
5

SE 1 Cloudy.

22 5 * 7 O 5 2 58 30,09 6 5 S 1 Cloudy.

5+ 2 O 53 59 30,07 62 S 1 Cloudy.

2 3 5° 7 O 5 2 58 30,00 7 i SE 1 Cloudy.

58 2 O 57 59 29 95 6 5 S 1 Cloudy.

24 48 7 O 5° 5 * 29,88 73 E 1 Fine.

61 2 O 61 61 29,85 66 SE 1 Fine.

2 5 5 i 7 O 5 i 59 30,10 68 SW 1 Fine.

57 2 O 57 60 30,22 60 E 1 Fair.

26 5 i 7 O 5 2 59 30,27 74 0,025 E 1 Fair.

65 2 O 6 5 63 30,26 69 E 1 Fair.

27 5 ° 7 O 5° 60 30,28 74 NE 1 Foggy.
62 2 O 62 62 30,24 72 NE 1 Fair.

28 49 7 O 49 60 30,27 76 Foggy.

53 2 O 53 61 30,26 75 Foggy.

29 48 7 O 48 59 30,26 77 SE 1 Foggy.

5 ° 2 O 5 ° 60 30,24 73 SE 1 Foggy.

3° 48 7 O 49 58 30,20 76 E 1 Foggy.

5 2 2 O 5 2 60 30,15 75 E 1 Cloudy.

31 47 7 O 47 58 30,10 76 NE 1 Foggy.

5 ° 2 O 5° 59 30,05 7 i NE 1 Cloudy.
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1809

Six’s

Therm,
least and
greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Winds.

Weather.

H. M. O O Inches. Inches. Points. Str.

Nov. 1

O

44 7 O 48 58 30,07
0

75 NNE 1 Cloudy.

54 2 O 53 58 30,10 67 NE 1 Cloudy.
2 43 7 O 46 56 30,20 60 NNW 1 Cloudy.

5 i 2 O 5 i 57 30,21 58 N 1 Cloudy.

3 40 7 O 40 55 3°0 3 67 NE 1 Fair.

48 2 O 48 57 30,07 59 NE 1 Cloudy.

4 4 i 7 O 42 54 29,95 67 NE 1 Cloudy.

48 2 O 48 56 29,80 70 N 1 Rain.

5 42 7 O 42 54 29,81 72 0,190 NW 1 Fair.

46 2 O 45 56 29,87 75 SW 1 Rain.
6 38 7 O 41 53 29,92 73 0, 128 SW 1 Cloudy.

47 2 O 47 57 29,85 67 SW 1 Fair.

7 38 7 O 39 53 30,01 73 NE 1 Fair.

50 2 O 49 55 30,11 70 NE 1 Cloudy.
8 4 i 7 O 4 i 53 3°> 3 8 77 NE 1 Foggy.

48 2 O 48 55 30,41 72 NNE 1 Cloudy.

9 42 7 O 42 53 30,40 73 NE 1 Cloudy.
* 50 2 O 5° 55 3 °,4° 68 NE 1 Cloudy.

10 46 7 O 47 55 30,34 67 NE 1 Cloudy.

5 1 2 O 5 1 57 30,27 66 ENE 1 Cloudy.
1

1

43 7 O 43 54 30,16 65 E 1 Cloudy.

44 2 O 43 5 6 30,10 65 E 1 Cloudy.
1

2

42 7 O 43 54 29,92 73 E 1 Cloudy.

46 2 O 45 56 29,80 73 E 1 Cloudy.
3 3 43 7 O 43 53 29>73 73 to00 SW 1 Cloudy.

47 2 O 47 56 29,75 68 SW 1 Cloudy.
! 4 38 /

O 38 53 29,72 7 2 NNE 1 Foggy.

48 2 O 48 56 29,64 71 NE 1 Cloudy.

*5 38 7 O 38 54 29,65 70 0,145 NNE 1 Cloudy.

40 2 O 40 55 29,67 58 n: 3 Fair.

16 3 ° 7 O 3° 5 2 29,68 60 NW 1 1 Fair.

37 2 O 37 53 29,74 57 NW 1 Fair.



C 23 1

METEOROLOGICAL JOURNAL

for November, 1809.

ONO00

Six’s

Therm,
least and
greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. Hy-
gro-

me-
ter.

Rain. Winds.

Weather.

H. M. O O Inches. Inches. Points. Str.

Nov. 17
O

3 2 7 O 38 5 2 29,56
O

70 wsw 1 Snow.
47 2 O 45 53 29,44 5 ^ NW 2 Cloudy.

18 3° 7 O 3 ° 5° 29,71 62 w 1 Fair. s

38 2 O 38 5 2 29,80 62 NW 1 Fair.

*9 29 7 O 3 ° 48 3°- 2 3 66 NNE 1 Fine.

38 2 O 38 5 2 3°>35 6 3 N 1 Fine.
20

,
2 5 7 O 26 47 30,46 64 WSW 1 Fine.

38 2 O 38 5 1 3 °> 36 6 3 WSW 1 Fine.
21 34 7 O 38 48 30,28 70 0,043 N 1 Cloudy.

42 2 O 4 1 5 1 3 °’ 3 > 62 NW 1 Fair.
22 34 7 O 37 48 30,18 73 WSW 1 Cloudy.

50 2 O
5° 5 2 30,05 6 3

W 1 Cloudy.
2 3 41 7 G 4 i 49 30,05 72 SW 1 Fair.

49 2 O 49 53 29,93 6 7 W 1 Cloudy.
24 44 7 O 44 5 1 29’37 70 0,380 WSW 1 Rain*

45 2 O 44 53 29>37 70 NW 1 Fair.
2 S 37 7 O 37 5 2 29,78 6 S 0,023 N 1 Fair.

43 2 O 43 53 29,66 67 SW 1 Cloudy.
26 38 7 O 42 5 1 29,10 70 0,045 SW 1 Rain.

45 2 O 45 54 29,14 64 W 1 Cloudy.
27 3 2 7 O 3 2 5° 29,57 70 NNE 1 Fine.

42 2 O 42 53 29,78 7o N 1 Fair.
28 3 2 7 O 3 2 50 29,96 73 N 1 Foggy.

40 2 O 39 5 2 29,90 73 SW 1 Cloudy.
29 35 7 O 35 48 29,88 74 0,033 W 1 poggy-

42 2 O 42 5 2 29,87 72 SW 1 Cloudy.
3° 33 7 O 33 48 29,90 74 foggy.

44 2 O 43 52 29,80 72 SW 1 Cloudy.
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1809

Six’s

Therm
least and

greatest

Heat.

Time. Therm.
without.

Therm.
within.

Barom. H,
geo-

me-
ter.

Rain. Winds.

Weather.

H. M. O O Inches. Inches. Points. Str.

Dec. 1

O

43 8 O 44 51 29,27
0

75 0,403 ssw I Cloudy.

45 2 O 44 53 2 9>33 65 WNW I Fair.

2 35 S O 35 5 i 29,67 70 OLOOO w I Fair.

45 2 O 45 54 29,80 65 NW I Cloudy.

3 34 8 O 37 49 2 9>93 68 sw I Cloudy.

47 2 O 47 5 Z 29,82 68 s l Cloudy.

4 44 8 O 44 50 29,51 76 0,055 w 1 Fair.

48 2 O 48 54 29,44 70 sw I Cloudy.

5 33 8 O 38 5 ° 29,86 70 wsw I Cloudy.

48 2 O 48 53 3°>°3 65 WNW I Fair.

6 33 8 O 45 5 2 30,02 75 sw 2 Cloudy.

5 1 2 O 50 53 29’97 76 ssw 2 Cloudy.

/ 5°
8 O 54 54 29,84 76 O O s 2 Cloudy.

54 2 O 5 2 54 29,92 70 sw 2 Cloudy.
8 3 S

8 O 40 53 30,24 68 0,100 w I Cloudy.

49 2 O 46 55 30,11 6 7 s I Cloudy.

9 44 8 O 46 54 29,67 76 °,°55 w 1 Cloudy.

5 2
2 O 48 57 29,54 67 s 2 Cloudy.

10 46 8 O 46 55 29,15 70 0,090 ssw I Cloudy.

5 ° 2 O 5 ° 57 29,17 6 3 ssw I Fair.

1

1

38 8 O 38 53 29>34 68 0,205 sw 2 Fair.

43 2 O 43 5 6 2947 65 sw 1 Fair.

32 40 8 O 46 5 2 28,97 73 0,212 s 2 Rain rmuch wind

48 2 O 45 55 29,05 64 sw 2 Cloudy.1 laitn,ght ’

1 3 33 8 O 40 5
2 29,20 67 0,055 sw 2 Cloudy. -

44 2 O 43 55 29,18 68 ssw 2 Fair.

M 33 8 O 33 5 2 29 --4 I 70 0,022 WNW I Fair.

41 2 O 4 1 55 29,41 66 ssw 2 Fine.

*5 39 8 O 4° 5 2 28,76 68 0,245 ssw 2 Fair. rmuchwind

42 2 O 40 53 28,80 68 s 2 Cloudy.
Iast nisht '

16 34 8 O 35 5 1 28,83 70 s I Cloudy.

4 1 2 O 40 53 28,85 70 SSE 2 Cloudy.
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Six’s Time. Therm. Therm. Barom. dy- Rain. Winds.
Therm. without. within. ;ro-

ease and
greatest er.

w earner.

Heat. H. M. O 0 Inches. Inches. Points. Str.

Dec. 17

O

37 8 O 39 5 1 28,79
0

70 *» wsw 2 Cloudy.

47 2 O 43 53 28,62 7 2 ESE 2 Rain.

18 39 8 O 40 5° 28,26 73 0,350 SW 2 Cloudy.

42 2 O 4Z 53 28,52

!

70 W 2 Cloudy.

1 9 40 8 O 40 5° 29,22 70 0,025 WNW 2 Cloudy.

45 2 O 45 53 29>37 68 NW 2 Cloudy.
j

20 39 8 O 39 5 ° 29,77 68 NW 1 Cloudy.

44 2 O 43 53 29,74 67 SW 1 Cloudy.
|

21 35 8 O 35 jo 29>74 72 0,080 SW 1 Cloudy. !

44 2 O 44 53 29,77 68 w 1 Fair.

22 39 8 O 40 5 i 29,96 7 2 SW 1 Cloudy.

46 2 O 46 53 29,94 73 ssw 1 Cloudy.
2 3 38 8 O 38 5 i 29-93 74 w 1 Foggy.

40 2 O 40 53 29>9 3 74 wsw 1 Foggy.

24 3 2
8 O 34 50 29,82 7 i 0,040 WNW 1 Snow.

39 2 O 38 5 2 29,85 72 NE 2 Sleet.

25 3 2 8 O 36 48 3°>°3 72 W 1 Foggy.

44 2 O 43 5 2 29,92 72 W 1 Cloudy.
26 40 8 O 40 49 29>77 75 0,140 NE 1 Rain.

44 2 O 4 i 5 2 29,74 74 SW 1 Rain.

27 40 8 O 42 5° 29,81 73 0,093 NE 1 Cloudy.

42 2 O 42 53
'

29,86 75 NE 1 Cloudy.
28 37 8 O 37 5° 30,08 73 NE 1 Cloudy.

39 2 O 39 5 2 30,10 69 SW 1 Fair.

29 36 8 O 45 5° 29,86 75 0,020 SW 2 Rain.

49 2 O 49 53 29,60 75 SW 2 Cloudy.

3 C 45 8 O 43 5 1 29,72 65 0,020 WNW 1 Cloudy.

49 2 O 47 53 29,70 66 WSW Cloudy,

31 45 8 O 48 S 2 29,90 72 W 1 Cloudy.

5 2 2 O 5 2 53 29,9s 68 SW 1 Cloudy.
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PHILOSOPHICAL

TRANSACTIONS.

VII. Supplement to the First and Second Part of the Paper of

Experiments
, for Investigating the Cause of Coloured Con-

centric Rings between Object Glasses
,
and other Appearances

of a similar Nature, By William Herschel, LL. D. F. R. S.

Read March 15, 1810.

"When the intricacy of the subject, on which my two last

papers have been treating, is considered, it will not appear

singular that a few supplementary articles should be given.

The compression of the account of the experiments into a

small compass, where many material circumstances must be

left unnoticed, may throw some obscurity on the results, which

can only be removed by examining the subject in a fuller ex-

tent, and from various points of view. I hope the following

illustration and additional explanations will have the effect of

clearing up what may possibly to some appear obscure or

doubtful, in either the first or second part of my paper, and

serve also to make the conclusions, which in the second have

been chiefly supported by prismatic experiments, directly

mdcccx. X



150 Dr. Herschell’s Experiments for Investigating

applicable to such as have in the first been made by convex

glasses.

That the colours in all prismatic phenomena, which have

been examined in the 44th, 45th, 46th, 47th, and 48 articles of

my paper, are produced either by the interior critical separa-

tion arising from the different reflexibility of the rays which

cause the blue bow, or by the exterior critical separation

arising from the different intromissibility of the rays which

cause the red bow, has been so clearly and circumstantially

proved that it can admit of no doubt
; it may even be con-

ceived by some that I have been too particular in giving the

precise angles, when zve see in the Lectiones Opticce
,
Sect. II.

Par. 2, page 257, 258, howfar Sir I. Newton has explained the

blue bow

;

but a sufficient reason for this minuteness was to

give greater clearness to my explanation of the new pheno-

menon of a red bow, which I have with equal precision de-

scribed, and which by this means may be, step by step,

compared with the production of the blue bow. By this pre-

caution I hoped to anticipate any objection that might occur,

such as, for instance, that Sir I. Newton has also explained the

red bow which (it may be supposed) is merely the converse of the

blue bozv. This conception, although Newton no where speaks

of a red bow, seems to be countenanced by what is said after

he has shown that the blue bow is caused by the different re-

flexibility of the rays of light ; for as he affirms that the red,

orange, and yellow colours are transmitted, he contrives a

method of proving it experimentally, by adding a second

prism, placed under that which gives the blue bow, and thus

making the transmitted rays visible. The full import of this
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Newtonian experiment will be considered in the following

articles.

LIV. Supplemental Considerations
,
which prove that there are two

primary prismatic Bows, a blue one and a red one.

As it will be admitted that we have a primary blue bow, I

shall only repeat that by the use of the criterion, which has

been indicated at the conclusion of my 44th article, we find

that when a plain surface of glass is brought into contact with

that side of the prism by which the reflective, or intromissive

critical separation is performed, the bow will be turned into

streaks, and that the blue bow, which Newton has explained,

will stand the test of this criterion.

It will now be necessary to prove that the red bow which I

have introduced in my 43d article is a phenomenon of equal

originality with the Newtonian blue bow. That it will stand

the test of the criterion, has already been proved in the 44th

article, since by the contact of a plain surface of glass with

the efficient surface of the prism this bow is also turned into

streaks ;
but as we find that the Newtonian experiment, by

the addition of a second prism, has made the red, orange, and

yellow colours, which are the residue of the blue bow, visible,

it will be necessary to show that the phenomenon which may
thus be viewed is not the red bow I have described.

First consideration. It is a necessary consequence from

Newton’s explanation of the 49th figure in his Lectiones

Opticce, page 260, for a copy of which see Plate V. fig. 1 ; that

the angle t s p subtended by the transmitted colours must

be exactly equal to the angular breadth of the blue bow t S p
and that also the angular position Ct s, when the eye sees

X 2
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the transmitted colours, must be exactly equal to C t S, in

which it is to be placed, that the blue bow may be seen. But

these angles in my red bow, are not the same as they are in

the Newtonian blue one; for, in figure 2, the angle t s p }

which the red bow subtends, is 5
,

55
/

',4 less than the angle

t Spm figure 3, subtended by the Newtonian blue one
; and

the position of the eye Cts, in figure 2, for seeing the vertex

of the red bow, is 15' 46" less than C t S figure 3, in which

position the eye sees the vertex of the blue bow. Now as

these angles arise immediately out of the critical separation of

the rays, it is evident that one of these bows cannot be the

converse of the other, but that we have two critical separations

essentially different, namely, the reflective and the intro-

missive.

Second consideration. The transmitted colours, which

Newton makes visible by the addition of a second prism,

cannot be seen without it. For, if the red, orange, and yellow

rays, were not intercepted by the additional prism, they would

be refracted at p r t, figure 1, and pass into the air, scattered

in such a manner, as to be totally unfit for giving a distinct

image. My red bow, on the contrary, may be seen in one

prism, laid down in open daylight, just as we see the blue

bow explained by Newton.

Third consideration. The residuary colours of the New-
tonian blue bow, being transmitted at p r t, the interposition

of a second prism, will refract them downwards to s, for

which reason, they can never be seen in the form of a red

bow, by an eye placed above the prism at S, where the blue

bow is visible ; whence it follows- that, if we were not now

acquainted with an original red bow, all the phenomena of the
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sudden change of the colours of the bows, which have been

explained in my 43d and 45th articles, would still remain

unaccounted for.

Fourth consideration. The course of the rays which pro-

duce the red bow, is so essentially different from the course

of those which form the blue bow, that a mere inspection of

the figures which represent them, proves, that one cannot be

the converse of the other. The incident rays between A E,

a. e, figure 4, are critically separated by the action of the

interior base
;
those which are reflected from the space be-

tween a and e, go to H, and form the blue blow ; those which

are transmitted through the same space, are by refraction

scattered over an expansion of 9
0

1 3 contained between

the mean refrangible green, passing from ce to g, and the least

refrangible red, going from e to r. The incident rays in

figure 5, which enter between A E and a. s, are likewise criti-

cally separated, but the cause of this separation is the action

of the exterior base of the prism
;
and those which are intro-

mitted between a and e so as to come to H, produce the red

bow ;
the rest being also intromitted, but not coming to H,

are by refraction scattered over a space not exceeding 37' 7";

the most refrangible violet going from a to v, and the mean

refrangible green, from e to g. As the smallness of some of

the angles cannot be accurately expressed in the figures, they

may be more correctly compared by the calculated particulars,

which are as follows.

Blue bow. Red bow.

Convergency of the incident rays o° 2 1' 41 ",5 f 56' 50",

5

Elevation of the vertices - - 49 57 3S 49 38 *9>5

Divergency of the scattered rays 9 11 4,3 o 37 7
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LV. Illustration of the Dependance ofthe Streaks ofboth the Bows,

upon the critical Separation.

One of the reasons, which in the 44th article have been

given, for ascribing the colours of the bow-streaks to the cri-

tical separation which causes the bows, is their being always

in a direction parallel to the bows. With respect to this it

rnay be thought by some, who are still inclined to believe in

the fits of easy reflection, and easy transmission, that streaks

parallel to the bows
,
( though not dependant on critical separation)

will in that situation be seen most easily, and most distinctly
,

because the visual ray in that position passes most obliquely through

the stratum of air between the surfaces. This observation, how-

ever, it will be found, cannot be applied to the streaks of either

of the bows ;
for in the 50th article it has already been

proved, not that these streaks can most easily, and most dis-

tinctly be seen in the place where the bows are, but that they

can absolutely not be seen any where else.

First illustration. To enter more minutely into a subject

which is so essential to the support of the arguments con-

tained in the 53d article, let us see whether it will be possible

to assign any other reason why the streaks should be parallel

to the bows, but their dependence on critical separation ?

What is there in two plain surfaces that can determine the

direction of streaks, supposing they could possibly be formed

without depending on critical separation ? Why, for instance,

should they not be as in figure 6, rather than in figure 7,

since in both cases, their arrangement in the shape of a bow,

would, according to the objection, be still in the position where

the visual ray passes most obliquely through the stratum of
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air? The necessity of some cause for the direction of the

streaks, may be inferred from the experiment which has been

given in the 35th article. For when a plain slip of glass is

laid upon a cylindrical curvature, the line of contact, which

way soever it be turned, will determine the direction of the

streaks that are to be seen ;
but when two plain surfaces

touch all over equally, no bias of this sort can be given to the

direction of streaks : the same cause, therefore, which deter-

mines the direction of the bow, must also determine that of

its streaks, and this establishes their dependence on critical

separation.

Second illustration. In what has been said, the possibility

that streaks might be formed between two plain surfaces in-

dependent of critical separation, has been admitted, but this I

cannot allow. The advocates for the colours by thin plates,

themselves, must confess, that an uniformly thin plate of air

between two plain surfaces, ought not to produce streaks,

which contain a variety of colours, so that the very existence

of streaks, already proves the action of some principle that

will produce different colours ; but when the plain side of a

prism is laid upon a plain surface of glass, in which situation

it has been proved, by the appearance of the bows, that either

the reflective or intromissive colour making principle, may be

made to exert itself at the interior or exterior base of the

prism, and when in either case, streaks are immediately pro-

duced, their dependence on the same cause that produces the

bows, namely, the critical separation cannot be doubted.

Third illustration. That all the bow-streaks are not only

dependant on critical separation, but that each collection de-

pends in particular, on the very principle which forms the
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bow to which it belongs, is proved by the characteristic

colours of the streaks. In the blue bow-streaks, the blue

colour is greatly predominant ; and in the streaks of the red

bow, the red and green are most abundant, which could

never happen if the reflective separation did not copiously

furnish the blue, and the intromissive separation as copiously

the red and green colours
;
and what must put this dependance

past all doubt, is the sudden change which may be made in

the colour of the streaks ' for by the mere interposition of

a screen, or by lifting up the prism towards the light, we

may not only change one bow into the other, as has been

proved in the 43d article, but when a plain surface is held

under the base of the prism, in order to turn the bow into

streaks, we may then change the colours of the streaks be-

longing to one bow, into those which belong to the streaks

of the other, with as much certainty as we can change one

bow into the other.

A beautiful experiment to prove this, is as follows. Let

two equilateral prisms be tied together as in figure 8. Then

standing at the distance of five or six feet from an open win-

dow, with the prism held in the situation as represented, the

sides b d, d c being covered with a pasteboard screen efg,
look into the side a b, straight forward to the window, and

you will see beautiful blue bow-streaks. The rays which

produce them enter through a c, are critically separated by

reflection from the surface b c, and cause the blue bow, which

by the plain surface b c, of the prism b d c, is converted into

streaks that go to the eye at E.

Without altering either the position of the eye, or of the

prism, drop the screen efg, and the blue bow-streaks will
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instantly be changed into those of the red bow. The rays

which cause them, enter through the side b c , are critically

separated by intromission , and form the red bow, but are at the

same time turned into streaks by the side b c, of the prism

bed, and go to the eye at E.

The experiment will succeed equally well, if, instead of the

prism bed, a highly polished plain slip of glass of the size of

the base of the prism a b c is tied to it.

LVI. Illustration of the Dependence of Rings, seen in a Prism

upon the critical Separation .

If it should now be granted, that streaks which may be seen

by applying a plain glass to the side of a prism, depend en-

tirely upon critical separation, it may still be doubted, whether

the rings which are produced, when a prism is laid upon a

spherical surface, are likewise to be ascribed to the same

cause, but this may also be decided by a very satisfactory

experiment as follows.

Upon a small board, lay a sheet of white paper to reflect

light upwards, and through the paper fasten three short tacks

into the board ;
then place an object glass upon the tacks, and

put a right angled prism across its surface, which should be

of the convexity of a globe of about 30 or 40 feet diameter.

A pasteboard screen, formed as in figure 9, must be hung

over the vertex to darken the exposed side, that only the

scattered light which comes from the paper, may enter the

prism through the base, and cause a red bow. The board

should be placed upon a stand, near a door which admits the

unconfined light of the heavens, where no adventitious

colours will disturb the experiment. As soon as the eye

MDCCCX. Y
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comes to the altitude of the bow, a set of rings will be seen,

whose colours, when the bow goes across their center, will be

red and green. Some motion of the eye to bring the bow a

very little above or below the center, will show the colours

to advantage, and in this position of the eye, we are sure to

see the rings precisely in the range of the bow which is

turned into rings, but remains visible at both sides, where the

critical separation is known to take place. When they have

been sufficiently viewed, let the screen be removed, that the

brighter light of the heavens from above, may transform the

red bow into a blue one, which will at the same time instantly

change the colours of the rings from red and green to blue.

If it should now be alledged, that streaks or rings may still

be independant of critical separations, notwithstanding their

taking the colours of the bows, because they must necessarily

appear blue, red, or green, when they are seen in rays of

these colours, we may answer this objection by proving ex-

perimentally, that any adventitious colours that may occa-

sionally mix with streaks or rings, can only tinge them in

the places where they pass to the eye in the same direction,

but can themselves not produce either blue, red, or green

streaks or rings. Place yourself before a window, and hold-

ing in your hand a right angled prism, with a plain slip of

glass under the base, look in at one side, and turn the prism

upon its axis, till you see the horizontal bars of the window

tinged with blue above, and red below ;
bring the red bow-

streaks upon one of these bars, and lowering the streaks

gradually, you will find that the colours of the bar, merely

affect only those parts of the streaks over which they pass,

but do not cause any additional streaks of their own colour.
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To see this still better, take an equilateral prism with a slip

of plain glass held under it as before, and turn the axis of

the prism gradually down at the left, till the vertical separa-

tions of the panes of glass in the window, are equally tinged

with the horizontal ones. Let a h and be figure 10, represent

one of the angles made by the meeting of the divisions be-

tween the panes cf glass
; then bring the bow streaks into the

direction A B, and draw them gradually over the corner b
,

this motion will cause the streaks to be successively cut by

the adventitious colours, but you will at the same time observe

these colours to remain confined to the individual place over

which they pass, and to produce no other effect than what

must result from a mixture of their tinge, with the particular

colour of the streaks at the place of their meeting. The

corner a b c will remain perfectly single, which plainly proves

that the adventitious colours, not being caused by critical

separation, cannot produce streaky phenomena, whereas if

they could diffuse themselves, we ought to see at least 5, 6,

or 7 coloured angular figures, parallel to each other, as

represented at d ef.

LVIL Remarks on Colours supposed to be produced by thin Plates

or Wedges of Air.

First remark. In the 39th article of my paper it has been

shown, that coloured appearances, such as streaks, cannot be

seen between the plain surfaces of two parallel pieces of glass

applied to each other ;
if an objection should however be

made to this, by showing an experiment with two supposed

plain surfaces of glass in contact, where irregular streaks, or

flashy appearances may be seen, I shall be authorized to

Y 2
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avail myself of what has been proved in the 37th article
; for

it has been shown, that irregular surfaces will cause irregular

figures
;
for which reason such appearances will only prove,

not that plain surfaces can produce them, but that the sur-

faces between which we see them, are not strictly plain.

Second remark. If it should still farther be conceived that

by means of a wedge-formed plate of air, strait bands of colour

would be produced betwee?i plain surfaces slightly inclined
, the

following experiment will show, that the objection cannot be

well founded. I selected two plates of glass, their surfaces

being as perfectly plain and parallel as I could possibly find

them, and the event shows that they were sufficiently so.

The plates were applied to each other in such a manner, that

the end of one touched the surface of the other, in a verv

sharp straight line, while at the opposite end they were kept

from contact, by a very fine single thread of the silk worm

placed between them, which would produce the required

slight inclination. No streaks were then visible. I pressed

the line of contact strongly together, and streaks became vi-

sible
;
but they were disfigured by pressure, and most disfi-

gured where I pressed most. As soon as the pressure was

removed, these coloured appearances vanished. My plain

slips were cut with a diamond out of a parallel plate of glass,

polished by an optician for optical purposes, and the incumbent

slip had its tangent edge finely ground in an angle of about

70 or 80 degrees, to make it a straight line without injuring

its plain figure.

Third remark. It will be proper also to take notice of an

objection that may be made to the foregoing experiment, by

appealing to one of an opposite result
;
for possibly two plates
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of glass, supposed to be plain, may be shown, which, when

put together slightly inclined, as the experiment requires, will

produce streaks near the line of contact
;
but, if this should

be the case, my 35th article accounts so well for the appear-

ance of such streaks, that it would not be philosophical to

ascribe them to plain surfaces, when it has been shown, that

cylindrical curves of any figure, will invariably produce them

;

for which reason, I should think myself justified in conclud-

ing, that one or other of the plates, which were supposed to

be plain, had a cylindrical termination ; the figure of which

might be circular, elliptical, parabolical, hyperbolical, or

indeed of any other variety of cylindrical curvature.

LVIII. Illustrating Remarks on the Intention of the i/gth Figure,

explained in the 48th Article of my Paper.

The great difficulty of representing rays of light, which

are compressed beyond all conception, is such, that even a

figure one thousand times magnified, which gives a delinea-

tion of them, is hardly less inadequate to give a tolerable idea

of what is to be expressed, than if it had not been at all in-

creased in its dimensions. This being the case, it might be

expected that some objections would arise, such as that in my

figure constructedfor explanation of the streaks the vacancies are

observed to correspond with
,
and to depend upon the intervals be-

tween the rays 1, 2, 3, 4, &c. originally assumed as separated by

blank intervals . There may appear to be some plausibility in

this objection, but still if some notion of this kind should be

entertained, it may be shown, not only that such a remark

would not be quite correct, but also, that the supposed force

of it, is founded on a misconception of the figure.
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First remark. When we look upon this figure i 1 a cursory

way, it may seem as if the vacancies corresponded with the

assumed distances of the rays, but this is partly erroneous
;

for even in the short extent of the figure, the vacancy between

5 and 6 at the bottom, does not correspond with that a': the

top. The lower single vacancy at 18, does not agree with

the two vacancies above. Between 1 6 and 17 is a vacancy at

the bottom, but none at the top. The lower vacancy at 11,

has no corresponding one above ; nor has that between 4 and

5 below, a corresponding vacancy at the top.

Second remark. The rays 1, 2, 3, 4, &c. are by no means

assumed as separated by blank intervals, but as rays at a

certain distance from each other, one thousand times greater

in the figure, than in their compressed natural state.

Third remark. The appearance of the rays in my figure,

was not intended to represent streaks such as will be seen,

but to denote their incipient course in passing from the base

of the prism, to an eye whose distance from that base we are

to suppose not less than 3000 inches. The visible arrange-

ment and colour of the streaks, erroneously conceived to be

expressed in my figure, can only be deduced from the mix-

ture of rays at the place where they enter the eye, the pupil

of which it should be remembered, must have a proportional

diameter of 200 inches. The angles also, it has been ex-

plained, could not possibly be drawn of just dimensions, and

from what has been said, we may conclude, that to make a

calculation of the mixture and colour of all the rays when

they reach the eye, even with the spare quantity of them

which has been drawn in the figure, would be extremely la-

borious, and that a thorough investigation of this particular
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point would really, as I have before said, be an endless under-

taking. The only fault, therefore, that may be found with my
figure, I believe is, that it enters perhaps too particularly into

this circumstance. It is well known, that similar discussions

about irises, fringes, or halos, have generally been dispatched

without giving us the least intimation about the real angular

course of the rays that produce them. It was indeed, not in-

cumbent on me to go so far, but where angles and distances

and intersections fell in my way, that could be determined, I

was unwilling to pass them by unnoticed, as such considera-

tions certainly tend to facilitate our conception of the ultimate

production of the streaks.

Fourth remark. That such delineations may be used, to

show7 in what manner we may conceive intricate optical phe-

nomena to be produced, I have the authority of eminent

writers in my favour
;
thus Newton, in his first figure of the

3d book of Optics, assumes four rays on each side, to illustrate

in what manner we may conceive that a hair can give a pro-

portionally larger shadow near its body, than at a distance

;

but no one will affirm, that these four rays can give an idea

of the actual quantity of light, and the real angles in which it

falls on the different parts of the paper
;

ail which it would

be necessary to show, in order to prove, that the appearance

of it on paper, agrees with the hypothesis
;
and yet we may

nevertheless perfectly well conceive the author’s meaning,

and can make no serious objection to his explanation, on ac-

count of his having taken but four rays, at lour arbitrary

distances, moving in four arbitrary angles.
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LIX. Experiments on the multiplying Power of Surfaces in con-

tact
,
which modify the Form ofprismatic Appearances.

The simplicity of the following experiments is such as will

ensure them a ready admittance, even by those who may not

have an opportunity of repeating them ; their application also

to some of the most intricate phenomena of modifying the

form of the prismatic appearances, must render them of con-

siderable value.

First experiment. Upon a plain metalline mirror 52 inches

long, and 4 broad, I laid the base A B C D, figure 11, of a

right-angled prism ; and having darkened the room, a candle

was placed so as to throw its light upon one side of the prism,

the reflection of which from the base, I saw through the other.

The eye was then gradually lifted up to such an altitude, that

a blue bow, if it were made visible by the admission of an

uniform scattered light, would extend from a to b; the candle

was then withdrawn, till only the inverted flame of it remained

visible at c. A small pasteboard screen as long as the prism,

and bent at the top as in figure <9, must be hung by the end

a upon the vertex of the prism, to cover the reflected image

of the candle, and the side b c must be short enough to leave

about one or two tenths of an inch open for scattered light to

enter', so as by reflection from the mirror, in proper angles

to make the blue bow visible. Every thing being in this

arrangement, and the room properly darkened, as well as

the eye guarded from the direct light of the candle, place the

pasteboard screen on the prism, and you will then perceive a

very bright small spectrum of red and green light at d, which

consists of those rays that in the blue bow place are
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transmitted through the base of the prism, and are reflected

by the mirror in such a direction, as to come to the eye. I do

not mention the blue bow streaks which may be seen with

some attention
;
they are very faint, and are not the object of

this experiment, serving only to prove, that the coloured

spectrum is formed in the bow place.

Second experiment. Every thing remaining arranged as

before, lay a narrow slip of thin pasteboard ef under the end

of the prism at A C, figure 12, but leave B D in contact
;
the

eye must also be elevated till the bow place comes up to a b.

In this position you will see the small image multiplied, so

that, according to the brightness of the candle, and clearness

of the prism and reflector, 6, 7, or 8 coloured spectra may
be perceived, arranged from d tog as expressed in the figure.

They are not perfect images of the candle, but so many re-

flections of the red, yellow, and green light transmitted at

the blue bow place, and every one of them will accordingly

be seen to be nearly as broad in the green part, as in the red

;

none of them coming to a tapering point, like the white image

of the candle. The spectra are consequently occasioned by a

reiterated reflection of the critically separated rays between,

the subjacent mirror, and the exterior surface of the base of

the prism. Indeed, nothing can be more evident than this

reiteration of reflections, which is so well known, that oppo-

site parallel mirrors are often put up in rooms, to produce a

multiplied extent.

Third experiment. When the eye is lifted high enough to

have the line of the critical reflection quite above the prism,

and the small screen is also taken away, we may repeat lifting

and depressing the end A C, and the two reflecting surfaces

ZMDCCCX.



166 Dr. Herschel's Experimentsfor Investigating

will then, by reiteration in the common way, give us a set of

complete tapering images of the white flame of the candle,

arranged as in figure 13. And in consequence of the various

distance of the prism from the mirror, the distance of the

several images of the candle, will increase and decrease, so

that when at last, the end A C is again set down on the

mirror, they will apparently coalesce into one single bright

image.

The use that may be made of these experiments is as fol-

lows. From the laws of reflection we know, that the extent

of the multiplied images perceived in reiterated reflections,

between two surfaces, may at all times be ascertained when

their distance is given. It is also well known, that when two

plates are in what is called contact, we can in fact, only sup-

pose them to be extremely near each other. The production

of streaks, when a plain glass is laid under a prism, is a suf-

ficient proof that, even when they are in the closest contact

which can be made, the subjacent surface still acts by reflection

upon the rays that pass through the base of the prism ; for

if the contact of the two surfaces were so complete as to

make one solid mass of glass, no reflection would take place

within its substance.

LX. Of the breadth of the Streaks compared to that of the Bows,

and the Cause why they i\mst take up a broader Space than the

Bowsfrom which they are derived.

It must have been noticed by those who have examined the

beautiful streaks, which in my paper it has been shown, will

be produced when a plain surface is held under the base of

the prism, that they take up a broader space than the bows

;
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and notwithstanding what has been said in explanation of

their production, by the reflection of the transmitted rays in

the 14th figure of the second part of my paper, it may pro-

bably be objected, that since the space occupied by the streaks

adjacent to the bows, is much broader than either of the bozos, it is

conceived, that critical separation zvill not account for them . At

a first view of this remark, it may in some measure appear to

be justified; for if there were no other cause than merely

critical separation, the increase of the breadth of the streaks

could not well be accounted for. It must however be recol-

lected, that according to what has been proved in the 47th

and 48th articles, the modifying power of surfaces in the pro-

duction of streaks, is added to the principle of the critical

separation which produces the colours.

First cause. In consequence of the reflection of the trans-

mitted rays, from the plain surface held under the prism, it

may already be seen in the abovementioned 1 4th figure, that

the streaks must take up a greater extent than the bows ; for

instance, the last reflected colour which is marked, enters the

prism again at v 2,67 inches beyond the faintest part of the

bow. This gives a magnified extent of 27,44 to streaks,

that of the bow being 24,8.

Second cause. But in order to find a greater correspondence

between calculation and actual observation, I must repeat that

we are not to suppose the twenty intervals between the as-

sumed rays to be blanks. The reason why more rays were

not introduced, was to avoid crowding the figure unnecessarily
;

but let us take, for instance, blue rays falling on the interior

base at ,003 of an incli from (3 towards No. 4 ;
then, in order

to be reflected so as to reach the eye, they must have the

Z 2
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oblique incidence of 49° 49' 21"; and since we know that

many of the rays which fall on the same spot, will be trans-

mitted while others are reflected, we find by computation,

that blue rays with the above incidence being transmitted,

will be refracted in such a manner, as to arrive at the sub-

jacent reflecting surface in an angle of 1T32", and will,

therefore, re-enter the prism at the magnified distance of

59,6 inches from the place at which they left it, or 63,2 from

«; and this will give an extent to streaks, amounting to nearly

2 ^ times the breadth of the bow. The same will take place

with indigo and violet rays to an indefinite extent, which it

will not be necessary to particularise.

Third cause. In the foregoing article it has been shown,

that beside the single reflection, which in the 14th figure is

delineated as taking place between the base of the prism, and

the subjacent reflecting plane, 6
, 7, and 8 succeeding reitera-

tions of the same effect will carry on the reflected rays to a

certain extent which is assignable. These rays would have

crowded the figure so much, that they could not be inserted
; but

let us see how far they may extend the breadth of the streaks.

I have already shown, that the first reflection, on the magni-

fied dimensions of the figure, will carry the transmitted rays

2,64 inches beyond the bow
;
these rays, by reiterated reflec-

tions, may therefore be extended to 14,84; 18,48, or 21,12:

inches beyond it, which alone will be sufficient ; but if more-

over, the intermediate rays are here also taken into consi-

deration, there cannot remain a doubt, but that the breadth

of the streaks is sufficiently accounted for.
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LXI. Of the Manner in which Rays that are Separated by critical

Refection or Intromission come to the Eye.

The subject of vision in general, affords so many intricate

phenomena, that we must not be surprised if some things

occur, that are of difficult conception. By means of the prin-

ciple of the intromissive separation of the colours, I have

already accounted for several appearances, that no other

principle, not even the Newtonian fits of easy reflection,

and easy transmission can possibly reach. If therefore, it

should be objected to my ascribing the generation of the

colours of the Newtonian rings, likewise to critical separa-

tion that rings must arise from some other cause than critical

separation, because they can be seen at the under surface of a glass

terminated by parallel planes
,
(as in figure \y,) and in other

situations in which critical separation cannot reach the eye, it will be

necessary to examine how far this observation is well founded.

The objection seems to convey a double assertion ; the

first is, that in the situation of a plain glass laid upon a con-

vex surface, no critical separation can reach the eye
;
and the

next, that if I cannot show how the rays come to the eye, the

rings cannot be caused by critical separation. The first of

these positions contains something taken for granted, which

cannot be admitted. It supposes that I affirm the critical

separation to be the sole cause of the rings, whereas I have

plainly shown, that this separation furnishes only the colours,

and that the modifying power of the subjacent spherical re-

flecting surface, turns these colours into rings. Now to show

how very different an effect may be produced, when the cri-

tically separated rays are acted upon by the modifying power
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of a surface upon which they fall after their separation, i need

but refer to the experiment which has been mentioned in the

5th paragraph of the ^2d article, where the rays of the bows,

which can only be seen in one particular situation, when they

come directly to the eye, are effectually rendered visible in

every direction, by the scattering power of the surface on

which they are thrown.

I proceed now, by different decisive experiments to prove,

that the objection in neither of the senses it may be taken,

can affect the validity of the theory I have explained.

First set of experiments. Having ground and polished a

metalline mirror, to the convexity of a sphere of 40 feet dia-

meter, I laid upon it a right angled prism, and when they

were properly exposed to the light, I lifted the eye gradually

up to the blue bow place, and saw the rings that were formed

of the colours critically separated by the base of the prism.

That these rings owe their formation to the joint effect of the

critical separation, and modifying power of the spherical metal-

line reflecting surface, cannot, after what has been proved in

the 56'th article, admit of a doubt. I then lifted the eye very

slowly higher and higher, till it was brought to the vertex of

the prism, and attending minutely to the rings all this time, I

could no where perceive the least interruption in their uni-

form visibility. I do not take notice of the gradual changes

in the colour and size of the rings, because such gradual

changes equally happen to those that are seen between object

glasses. When the eye is over the vertex, the prism being

equiangular at the base, we see in the opposite side an equal

set of rings. We may then advance the eye still farther,

and keep the first set in view, or, what will be more convenient,
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take up the opposite set of rings, and confining our attention to

it, may draw the eye down again till we lose it : which will not

be, till when the eye is nearly brought down to the level of

the side exposed to the light. Here then we have an instance

of rings composed of the colours furnished by critical separa-

tion, which may be seen from the obliquity of 82® 17' 31",

down to I suppose about 5 degrees, which gives an angular

space of at least 77 degrees.

To extend this range farther, I used several prisms with

different refracting angles ;
first, one where that angle was

30 degrees ; then one with 25 ; another with 20 ;
and also

one of 9 degrees. By this successive change of prisms, it was

ascertained, that the range of visibility increased, when a

smaller refracting angle was used. In the last prism, the

rings became visible at an elevation of $6° 4,3' 6
!>

;
this up to

90 on one side, and down again at the other to 5 degrees,

gives a range of more than 138 degrees, in which these rings

may be seen. To manage this experiment it is necessary,

when the eye is vertical, gently to turn the mirror with the

prism upon it half round, that the eye may then be depressed

gradually, without interfering with the incident light.

From these experiments it may be presumed, that were the

refracting angle still farther diminished, it would increase

the range at last to that of a plain glass, which therefore, I

am authorized to look upon, as a prism with a vanishing

refracting angle. It will be seen presently, that even this has

been completely verified.

As the modifying power of spherical surfaces, to render

critically separated colours visible in every direction, is by

these experiments established, we might take it for granted.
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that a similar power will be exerted by all sorts of curvatures

and irregularities of reflecting surfaces
;
but in order to take

nothing upon trust that may be proved, I had recourse to the

following experiments with different curvatures.

Second set of experiments. Upon a ridge of glass ground

and polished to a cylindrical form, I laid the base of a prism,

with one angle of 96 ; and two of 42 degrees each. In this

I saw beautifully coloured streaks, or rather very narrow

lenticular configurations, on one side as low as the angle of

420
,
will allow the critical separation to be seen, and on the

other down to within about 5
0
of the level of the plane, which

gives a range of visibility of nearly 82 degrees.

Having also provided a refracting angle of 3
0 43' 8", and

Iain it upon the same cylindrical ridge, the visibility of these

phenomena was extended to 152 degrees.

A plain glass laid upon the same ridge, extended this range

to 170 degrees.

That these effects of extending the range of the angular

space, in which the narrow coloured lenticular forms are

visible, is owing to the modifying power of the cylindrical

surface, is particularly evident from the parallelism of the

coloured phenomena with the line of contact, and from the

direction of their extended visibility at right angles to this

line.

Having laid a right angled prism upon the same ridge, I

perceived not only the coloured primary figure, but also a

similar, magnified secondary one, which I ascribed to a re-

flection from the flat base of the glass, the upper side of

which, contained the polished cylindrical ridge. To take off

this secondary image, I deprived the base of its reflecting
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power, by rubbing it on emery, which had the required

effect.

A doubt might occur, with regard to the cause which pro-

duced the colours, because in these experiments the subjacent

medium was of glass ; and although on account of the

emeried base, we may be certain that the curved ridge only

acted by reflecting the critically separated transmitted colours

in a variety of angles, yet to prove in the most satisfactory

manner, that these colours were exclusively from the prism,

I ground and polished two metalline cylindrical pieces to

different curvatures, and laying upon them my small pris-

matic angle of 3
0
43', the minute lenticular figures, became

again visible over an extent of 152 degrees.

To vary the experiment, I placed a cylindrical ridge in

contact with a plain metalline mirror, and saw with great

facility through the plain side of the glass which was towards

the eye, and was highly polished, the extended range of the

modified colours, which in this case amounted to 170 degrees.

From this variation a very important consequence may be

drawn, which is, that a radiation from curved surfaces re-

flected by plain ones, will effect the same extension of visi-

bility, as a radiation from plain surfaces reflected by curved

ones. How much more then must this effect be produced,

when two curved surfaces are applied to each, as for instance,

when two double convex object glasses are laid together ?

Third set of experiments. Upon a piece of mica tied over

a cylinder, I placed a right angled prism, and having brought

the eye to the altitude where critically separated rays are

visible, I perceived a number of irregular forms of beautiful

colours. When the position of the eye was gradually changed,

mdcccx* A a
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I found that the modifying power of the irregularly curved

surface of the mica, made these configurations visible over the

same angular space in which I had already seen the rings,

and lenticular figures.

These appearances are often so delicate, that they may

easily escape our notice ;
although we should follow them

with great attention when the eye is moved. This will

happen, especially when they are extremely minute, and in

the experiment of the last paragraph of the 50th article, I had

actually overlooked them
;
but on repeating the same after-

v/ards with a magnifier, I perceived them without much

difficulty.

I tried not only the smaller angles of the former experi-

-tnents, with the same result pf a gradually increased range

of visibility, but had also recourse to the plate of glass of

unequal thickness mentioned in the g2d article, the sides of

which, when produced, would meet in an angle of s' 2". Its

surfaces approach so nearly to parallelism, that the inference

I had drawn from the trial of smaller angles, when rings on

the convex mirror were examined, was now verified by an

application of this plate to the surface of mica
; for with the

assistance of a magnifier, I saw the coloured forms over an

angular space amounting to i7Ti 8'28", which is full as

much as we could have seen with a plain glass. From this

range, in which the actual angles of elevation of the eye

above the plane of the glass at each extreme were measured,

it appears that 5 degrees, which I have before allowed for

this purpose, is more than sufficient.

The foregoing three sets of experiments prove, that the

first of the assertions, into which I have divided the objection*
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is not well founded, because the modification of the subjacent

reflecting surface, so essential to the formation of the phe-

nomena under consideration, has not been attended to. In

addition to this, the inference I have drawn from a foregoing

experiment proves, that not only the modification of the re-

flecting surface, but also that through which the rays are

transmitted and radiate upon the subjacent one, must be

equally taken into consideration.

It remains therefore established, that by combination, the

figure of either of the surfaces in contact, be it the reflecting

or the radiating one, will make these appearances visible

over an extended space, in the shape of rings, ellipses, lenti-

cular figures, and all sorts of irregular configurations, except

in the only case, where both reflection and radiation, happen

between two plain surfaces in contact, and where consequently

no change in the angle of seeing the critically separated rays

can take place. The uniformity of this modification will then

produce streaks, only visible in the bow place.

If the objection should now assume the second form, which

is, that unless I can show how the rays of the critical separa-

tion thus modified can reach the eye, the rings must arise

from some other cause, I may then fairly say, it is sufficient

to have proved two very essential points, the first of which

is, that these rings are formed from the colours of the critical

separation, modified by the subjacent reflecting surface
; and

the next, that when this modification is caused by subjacent,

or even by incumbent surfaces of any curvature whatsoever,

that can be brought into proper contact, their modification of

reflection or radiation will then increase the field of visibility

of all the various coloured phenomena that can be produced,

A a 3
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to whatever extent the circumstances of the combination of

the two essential surfaces may allow. The very case pro-

posed in the objection, of a slip of plain glass laid on a sphe-

rical surface, has been examined in the most simple form

possible, by using for the spherical curvature, a piece of

polished metal, to exclude all adventitious source of the ge-

neration of colours, and employing for the contact of a plain

surface, the base of a prism, on the inside of which, according

to the Newtonian doctrine of the different reflexibility of

light, it must be admitted, the colours will be critically sepa-

rated. Then, without the least change of form, or contact of

the two essential surfaces, it has been proved, that a diminu-

tion of the prismatic angle, will gradually extend the visibility

of the rings, till, even before that angle comes to a vanishing

state, where the prism would be converted into a plain slip of

glass, the rings may be seen in every direction, and at any

elevation of the eye, in which they can be seen, through a slip

of glass such as the objection supposes. As this then has been

proved not only of rings, but of all other possible configura-

tions, that may be caused by the rays of the critically separated

colours, modified by reflection or radiation from curved sur-

faces, it is evident, that an objection which asserts that such

colours cannot be seen, contradicts the plainest and best

established facts.

With regard to the actual course of the rays from the very

moment of their critical separation into colours, till they pro-

duce the required effect, it cannot surely be expected that I

should trace them through a most intricate complication of

reflections from curve to curve, when it has been shown, in

the second part of my paper, that even with streaks, which
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are produced by the contact of two plain surfaces, it would be

an endless undertaking to follow them till they enter the

eye. Enough has already been said upon this subject to con-

vince every intelligent reader, that all the phenomena of

coloured rings, which have been ascribed to the effect of cer-

tain fits of easy reflection and easy transmission of the rays

of light, as well as the great variety of other coloured ap-

pearances of which I have treated, admit of a most satisfactory

solution, by substituting the solid principle of the critical

separation of the different colours in the room of these fits.
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VIII. On the Parts of Trees primarily impaired by Age. In a

Letterfrom T. A. Knight, Esq. F.R.S. to the Rt. Hon . Sir

Joseph Banks, Bart. K.B . P.R.S.

Read March 22, 1810.

My dear Sir,

In the first communication I had the honour to address to

you, (it was in the year 1795,) I stated the result of many
experiments on grafted trees, from which I inferred that each

variety can be propagated with success, during a limited

period only
; and that the graft, or other detached part of an

old tree, or old variety, can never form that, which can with

propriety be called a young tree.

I have subsequently endeavoured to ascertain which,

amongst the various organs that compose a tree, first fails to

execute its office, and thus tends to bring on the incurable

debility of old age ; and the result of the experiments appears

sufficiently interesting, to induce me to communicate an ac-

count of them to you.

Whatever difference exists between the functions of animal

and vegetable life, there is a very obvious analogy between

some of the organs of plants, and those of animals; and it

does not appear very improbable, that the correspondent

organ, in each, may first fail to execute its office
; and satis-

factory evidence of the imperfect action of any particular
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organ can much more easily be obtained in the vegetable,

than in the animal world. For a tree may be composed, by

the art of the grafter, of the detached parts of many others
;

and the defective, or efficient, operation, of each organ, may
thus be observed with the greatest accuracy. But such ob-

servations cannot be made upon animals
; because the opera-

tions necessary cannot be performed
; and therefore, though

there would be much danger of error in incautiously trans-

ferring the phenomena of one class of organised beings to

another, I conceive that experiments on plants may be, in

some cases, useful to the investigator of the animal economy.

They may direct him in his pursuits, and possibly facilitate

his enquiries into the immediate causes of the decay of animal

strength and life ; and on a subject of so much importance to

mankind, no source of information should remain unexplored,

and no lights, however feeble, be disregarded.

Naturalists, both of ancient and modern times, have con-

sidered the structure of plants, as an inversion of that of

animals, and have compared the roots to the intestines, and

the leaves to the lungs, of animals
;
and the analogy between

the vegetable sap, and animal blood, is very close and

obvious. The experiments also, of which I have at different

periods communicated accounts to you, supported by the

facts previously ascertained by other naturalists, scarcely

leave any reasonable grounds of doubt, that the sap of trees

circulates, as far as is apparently necessary to, or consistent

with their state of existence and growth.

The roots of trees, particularly those in coppices, which

are felled at stated periods, continue so long to produce, and

feed, a succession, of branches, that no experiments were
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wanted to satisfy me, that it is not any defective action of the

root which occasions the debility and diseases of old varieties

of the apple and pear tree
;
and indeed experience every

where shows, that a young seedling stock does not give the

character of youth to the inserted bud or graft. I, however,

procured plants from cuttings of some very old varieties of

the apple, which readily emit roots; and these plants at the

end of two years were grafted, about two inches above the

ground, with a new and very luxuriant variety of the same

species. These grafts grew very freely, and the roots them-

selves, at the end of four or five years, probably contained at

least ten times as much alburnum, as they would have con-

tained, had the trees remained ungrafted. The roots were

also free from every appearance of disease, or defect.

Some crab-stocks were at the same time grafted with the

golden pippin, in a soil where the wood of that variety rarely

lived more than two years
;
and I again grafted the annual

shoots of the golden pippin, with cuttings of a young and

healthy crab tree, so as to include a portion of the wood of

the golden pippin, between the roots and branches of the

native uncultivated species, or crab tree ;
and in this situation

it grew just as well as the wood of the stock and branches.

Some branches also of the golden pippin trees, which I men-

tioned in my former communication of 1795, being much

cankered, were cut oft about a foot above the junction of the

grafts to the stocks, and were regrafted with a new and

healthy variety. Parts of the wood of the golden pippin, in

which were many cankered spots, were thus placed between

the newly inserted grafts, and the stocks; and these parts

have subsequently become perfectly free from disease, and
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the wounds, previously made by canker, have been wholly

covered with new and healthy bark. These facts, therefore,

satisfied me, that the debility and diseases of old varieties of

fruit of this species, did not originate in any defective action

of the bark or alburnum, either of the root, or of the stem

and branches, and my attention was consequently directed to

the leaf and succulent animal shoot.

A few crab-stocks were grafted with cuttings of the golden

pippin, in a situation and soil, where I had previously ascer-

tained that the wood of the golden pippin rarely remained in

health at the end of a second year ; and, as soon as the

annual shoots had acquired sufficient growth and firmness,

numerous buds of a new and luxuriant variety of apple,

which had recently sprung from seed, were inserted in them.

During the succeeding winter, the natural buds of the golden

pippin branches were destroyed, and those inserted suffered

alone to remain ; and as soon as the leaves of these had

unfolded, and entered on their office, every symptom of

debility and disease disappeared in the bark and wood of the

golden pippin
;
and each continued to perform its office, just

as well as the wood and bark of the young seedling stocks

could have done under similar circumstances. I made nearly

the same experiments on the pear tree, and with the same

result.

I have endeavoured, in several former communications, to

prove that the sap of plants circulates through their leaves,

s the blood of animals circulates through their lungs
; and I

have not subsequently found any facts, in the writings of

other naturalists, or in my own experiments, which militate

against this conclusion. I have also observed, that grafted

MDCCCX. B h
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trees, of old and debilitated varieties of fruit, became most

diseased in rich soils, and when grafted on stocks of the

most vigorous growth ; which has induced me to suspect,

that in such cases more food is collected, and carried up into

the plant, than its leaves can prepare and assimilate, and that

the matter thus collected, which would have promoted the

health and growth in a vigorous variety, accumulates, and

generates disease in the extremities of the branches and

annual shoots, whilst the lower part of the trunk and roots

remain, generally, free from any apparent disease. I am,

therefore, much disposed to attribute the diseases and debility

of old age in trees, to an inability to produce leaves, which

can efficiently execute their natural office ; and to some conse-

quent imperfection in the circulating fluid. It is true that the

leaves are annually reproduced, and therefore annually new :

but there is, I conceive, a very essential difference between the

new leaves of an old, and of a young variety : and in support

of this opinion, I shall observe, that the external character of

the leaf of the same variety at two, and at twenty years old,

is very dissimilar ; and it therefore appears not improbable,

that further changes will have taken place at the end of two

centuries.*

If these opinions be well founded, and the leaves of trees

* The leaf of a seedling apple or pear-tree, when the plant is very young, is gene-

rally almost wholly free from the pubescence or down, which subsequently appears

on its under surface ; and which Bonnet and M. Mirbel, have supposed to increase

its surface and powers. But I feel little disposed to adopt this hypothesis, having

observed that the leaves of some new varieties of the apple, which have sprung from

seeds ofthe Siberian crab, have both surfaces nearly equally smooth; and that these

varieties grow faster, and bear heavier crops of very rich fruit, than any others, without

being exhausted or injured.
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be analogous to the lungs of animals, is it very improbable

that the natural debility of old age of trees and of animals,

may originate from a similar source?—This is a question,

upon which I am not by any means prepared to give an

opinion : but I believe it will very generally be admitted, that

the human subject is best formed for long life, when the

chest is best formed to permit the lungs to move with most

freedom. I have also long and attentively observed amongst

our domesticated animals, that those individuals longest re-

tain their health and strength, and best bear excessive labour

and insufficient food, in which the chest is most deep and

capacious, proportionately to the length of current the circu-

lating fluid has to run ; and the same remark will, I believe,

be generally found applicable to the human species.

I am, my dear Sir,

with great respect,

sincerely yours,

THO, AND. KNIGHT.Downtonf
Feb, 26,

1810.
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IX. On the Gizzards of Grazing Birds. By Everard Home,
Esq. F.R.S.

Read April 4, 1810.

In the course of my enquiries into the various modes in

which the food in different animals is prepared for digestion,

many circumstances have been met with, which tend to shew,

that grass is the substance of all others, on which animals

feed, that requires the most preparation
;
and that ruminating

animals are fitted by nature in an eminent degree, for extract-

ing the greatest possible quantity of nourishment from this

species of food.

If we examine the means employed by quadrupeds of this

description, it will appear, that the grass in the first instance

is broken short off from the ground and swallowed
; then

macerated with the mass that had previously undergone some

preparation in the first stomach, and afterwards a part of the

whole of this mixture, before it is digested, is brought back

into the motith, there masticated in a particular manner
; not

as in the elephant and horse, or those nearest allied to them,

but by being obliquely cut into smaller portions and then

mixed up with the saliva into pellets, which are conveyed

through the third stomach into the fourth, for the purpose of

digestion This is a mode of preparation peculiar to ruminants,

no other quadruped being provided with all the same means.

Finding so marked a peculiarity in all the organs connected
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with digestion, in these animals who naturally live wholly on

grass, I was led to consider that as some birds graze, there

must in them be peculiarities in the form of their gizzards, to

lit them for digesting this particular kind of food, by which they

may readily be distinguished from the gizzards of other birds.

With this view, I examined the gizzards of the goose and

swan, who are both in the habit of grazing, (though geese

more constantly so,) and compared their structure with that

of the turkey, a bird nearly of the same size, whose food is of

a different kind.

To make this comparison more correct and satisfactory, a

goose's and a turkey’s gizzard were moderately filled with

plaister of Paris, and then boiled
;
by this means the cavity

was kept open, and the course of the muscular fibres very

readily traced.

In the turkey, the external surface was first attentively

examined, viewing that side which is anterior in the living

bird, and on which the two muscles and middle tendon are

most distinct, there being no other part to obstruct the

view ; while on the opposite side there is the opening of the

pylorus, and the bag formed by the lower portion of the

gizzard beyond the circumference of the muscles.

In this view', the muscle on the left side distinctly larger

than that on the right, as will be seen in the annexed draw-

ing. This appears on reflection to be a great advantage in pro-

ducing the necessary motion
;
for if the two muscles were of

equal strength, they must keep up a greater degree of exer-

tion than is necessary
;
while in the present case, the principal

effect is produced by the left side, and a smaller force is used

by the right, to bring the parts back again.
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The muscles when dissected, are found to be composed of

fasciculi of fibres, connected together by a loose cellular

membrane, so as to appear like so many separate muscles

lying parallel to each other. They all arise from the anterior

strong flat tendon, and are inserted into that on the posterior

surface ; as they are very numerous and require a large surface

of insertion, part of them, on a superficial examination,

appear to be lost on the internal membrane of the gizzard.

These muscles by their alternate action produce two effects ;

the one a constant friction on the contents of the cavity, the

other a pressure upon them. This last arises from the swell

of the muscle inwards, which readily explains all the instances

which have been given by Spallanzani and others, of the

force of the gizzard upon substances introduced into it
;
which

force is found, by their experiments, always to act in an ob-

lique direction.

The internal cavity, when opened in this distended state, is

of an oval form ; the long diameter in the line of the body

:

its capacity nearly equal to the size of a pullet’s egg, and

there are, laterally, ridges in the horny coat, in the long

direction of the oval.

When the horny coat is examined in its internal structure,

the fibres of which it is formed, are not found in a direction

perpendicular to the ligamentous substance behind it, but in

the upper portion of the cavity they have a direction obliquely

downwards, and in the lower portion obliquely upwards.

From this form of cavity it is evident, that no part of the

sides are ever intended to be brought in contact
;
and that the

food is triturated by being mixed with hard bodies, and acted

on by the powerful muscles which form the gizzard.

I
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In the goose, the gizzard differs very much in its external

form, from that of the turkey; being oval in its transverse

direction, and having the lateral edges very thin ; this arises

from the fasciculi of fibres of both muscles being more

numerous than in the turkey. The disproportion between

the left muscle and the right, is still greater than in the tur-

key, and when the cavity is opened it is flat, divided into

two equal portions ;
that on the right side convex above,

forming a projection into the cavity, and concave below,

forming a hollow. On the left side there is a corresponding

surface, only that the concavity is above, answering to the

convex part opposite ; and a convexity below, fitted to the

opposing concavity.

The horny covering of these surfaces is very strong, much

more so than in the turkey, and when the structure is

examined, the direction of its fibres is oblique ; on the right

side from above downwards, and on the left side from below

upwards.

In the swan, the gizzard is altogether larger than in the

goose, and more flattened at the external edge, so that the

muscular fibres are shorter ; on its internal cavity the appear-

ances are nearly the same, but there is a less strongly marked

ridge and concavity, and the surface of the oval portion, in

which these are met with, is smaller in size. The substance

of that part of the gizzard appears to be less dense, but the

cuticular covering is thicker, and its fibrous texture more con<-

spicuous. The direction of the fibres is exactly the same as

in the goose.

From this construction of cavity it is evident, that these two

corresponding surfaces are intended to move on one another*



i88 Mr. Home on the Gizzards

with little more than the food between them; the hard sub-

stances interposed, being only of a small size, so as not to

interfere with their regular correspondence with each other.

In these gizzards there is not the rotatory motion mentioned

in the turkey, but a regular sliding motion, begun by the

strong muscle forcing one side of the horny substance over

the surface of the other ; and it is brought back by the action

of the weaker.

This motion bears so great a resemblance to that of the

grinding teeth of ruminating animals, in which the teeth of

the under jaw slide upwards, within those of the upper,

pressing the food between them, and fitting it by this peculiar

kind of trituration for being digested ; that it is fair to conclude,

it is for the same purpose, more especially, when we only

find it in those birds that graze.

The gizzard of the goose is evidently fitted for a harsher

kind of grass than that of the swan, and we find that the

goose prefers the common grass of the fields, while the swan

is partial to the soft weed found in ponds and rivers, and

only grazes occasionally.

The bill of the goose breaks off the grass short from the

ground, nearly in the same manner as the fore teeth of rumi-

nants. In like manner as ruminants have only teeth in the

under jaw, so has the goose small pointed cuticular teeth in

the lower portion of the bill, which, when the bill is closed,

fit into grooves in the upper one, so that the grass inclosed

in the space between the teeth and grooves, is nipped off.

There is a swell in the lower part of the oesophagus in

these birds, which is peculiar to them : this answers the pur-

pose of a reservoir, in which the grass is retained, macerated.
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and mixed with the secretions poured out by the glandular

surfaces surrounding it, in this respect corresponding to the

first and second stomach of ruminating animals, in which the

grass is prepared for mastication.

These facts, as they account for the goose and swan living

upon a species of food not fitted for birds in general, proves

that in this class of animals, a peculiar conformation of the

digestive organs is required, as well as in quadrupeds, when

they are intended by nature to live intirely upon grass.

This fact being ascertained, is not without its importance in

elucidating this branch of physiological inquiry.

EXPLANATION OF THE PLATE.

Fig. 1. The gizzard of a turkey laid open on its anterior

part, to shew the form of the internal cavity, which is oval,

and the grinding surfaces uniformly concave.

Fig. 2. The gizzard of a swan exposed in the same way

;

the grinding surfaces have an oval form, but in an opposite

direction to those of the turkey, and each of them is made up

of a ridge and a hollow in the direction of the oval, which are

adapted to those of the opposite side, the ridge of the one

fitting the hollow of the other.

MDCCCX. Cc
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X. Observations on Atmospherical Refraction as it affects astro-

nomical Observations ; in a Letterfrom S. Groombridge, Esq.

to the Rev. Nevil Maskelyne, D. D. F. R. S. Astronomer

Royal. Communicated by the Astronomer Royal.

Read March 28th, 1810.

DEAR Sir, BlacUieath, 22nd January, 1810.

The great advantages we derive from the labours and

writings of those learned men, who have preceded us ; the

profound researches in physical astronomy by the mathema-

ticians of the last century ; and the improvements in the con-

struction of instruments, effected by the ingenuity of our

modern artists : these circumstances should stimulate all those

who have inclination and opportunity, to the endeavour of

contributing to the common stock of knowledge. I beg leave

to add my tribute of admiration to the general voice, for the

large share you, Sir, have taken in the promotion of science,

not only by your learned publications, but also by the liberal

encouragement and assistance you have given to those who

have been honoured with your acquaintance. I am, therefore,

induced to commit to your protection the inclosed paper, ac-

knowledging myself indebted to your friendly communica-

tions for much useful information. I could have wished the

task had been performed at an earlier period
;
but as you are

well acquainted with the labour required in the reduction of
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so many observations by one person, it will appear to have

been impracticable. I remain.

Dear Sir,

Your obliged and very obedient servant,

STEPHEN GROOMBRIDGE.
To the Rev. Dr. Maskelyne

,

Astronomer Royal, 4’C. Sf-c.

When I had fixed my four feet transit circle, made by

Troughton, it was my intention to make observations of a

sufficient number of circumpolar stars, at different altitudes,

to ascertain the latitude of my observatory with the greater

precision
;
and also to endeavour to settle the true quantity

of refraction : especially as my instrument was better adapted

for that purpose, both from the construction and convenient

size thereof, than those which had been heretofore made.

Being fixed on stone piers, it is not so liable to partial expan-

sion, as those instruments which are supported on brass

frames : and having both sides divided, with two microscopes

to each face ; the same observation has the advantage of four

made with a quadrant. I have also contrived, by means of

sliding shutters in the roof, to prevent the rays of the sun

from falling on any part, excepting on the object glass. By

these means I flatter myself that, the observations having

been made with great care and attention, the result will prove

both satisfactory and useful.

Having proposed to myself the above course of observa-

tions, 1 selected the fifty stars contained in the first table for

that purpose, the observations of which, exceed in number

C C 2
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1000. On the quantity of refraction to be assumed at 45
0

,

astronomers not having been agreed, and Dr. Maskelyne

having suggested in the precepts to his folio tables, that Dr.

Bradley having supposed the sun’s parallax io-§-",from which

he inferred the refraction at 45
0 to be 57" ; if he had used the

true parallax 8£", lie would have found the refraction at the

altitude of 45
0
to be 56^'. I therefore assumed, and have con-

stantly applied that quantity, correcting the same for the ba-

rometer and thermometer: the whole by the formula of

Dr. Bradley.

In the above table, the third column is the mean of the

observed zenith distance corrected by the equations to 1st

jan. 1807 ; the fourth is the mean of the computed refraction,

for each observation ;
the sixth is the sum of the third and

fourth colums, which gives the mean double zenith distance

of the Pole, according to the assumed refraction in the

seventh column ;
the eighth is the correction of the assumed

refraction by the factor found ,02845, which is applied

to the seventh column, and gives the true double zenith dis-

tance of the Pole in the ninth, the half of which is the cor-

rected co-latitude in the tenth column. It appears that so far as

jj Ursae majoris, the sum or difference of the zenith distances in

the seventh column are sufficiently uniform to be used for the

correction of the refraction. I then proceed to compare the first

thirteen stars, where the zenith distance below the Pole is less

than 6o°, with the twenty-one following. From the former

thirteen, the mean of the seventh column is 77
0
3' 53", 0908 ;

and the mean sum of the refractions in the fifth column is

94/9377 ; from the latter twenty-one the means of the same

columns are 77
0
3' 5o/

/

5248 and i 85/
,

1357. The difference
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Table I. Circumpolar Starsfor the Refraction, reduced to the mean Zenith Distance on the First of January, 1807.
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of the polar distances, divided by the difference of the sum of

the refractions, quotes ,0284485 ;
which being increased by

unity, is the factor to be multiplied into the assumed refrac-

tion, viz. 36A'. Then the mean refraction at 45
0 will be 56,^5

x 1,02845 = 58,''10734: the co-latitude

77° 3
7 53/o.908 + 94.9377 x ,02845 __ 3s» 3^ 57ps97

2

and the latitude = 51 28 2,103,

which will be found the same, from the mean of the corrected

co-latitudes in the tenth column, as given by the above thirty-

four stars.

I have made these deductions from the fixed stars only ;

and therefore it will be required to compare the result with

the sun at the solstices. I have preferred the former, from

the greater number of observations to be so obtained, as well

as from the more accurate bisection of a star, than the appli-

cation of a wire to the limb of the sun ; I have, however, en-

deavoured to render the observations of the sun, of equal con-

sequence, by means of two fixed, and one moveable wire

;

the latter measures a space to one of the fixed wires, distant

2g 45/74 from the other, the sum of which is the diameter ;

the sun passing at the same time through the centre of the

field. These wires are applied to the upper and lower limbs

of the sun, by direct vision, the eye glass having a vertical, as

well as a horizontal motion. The centre of the sun is found,

knowing the distance of the extreme fixed wires, from that

in the centre of the field
;
but the refraction must be applied

for each limb, the difference of refraction at the winter sol-

stice being 8"
; therefore this diminution of the diameter must

be noticed. The few opportunities I have had to observe the
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solstices, have produced only eighteen observations at the

summer, and thirteen at the winter, solstice. The proof re-

sulting from this small number is, however, satisfactory;

these being reduced to the same period, ist January, 1807,

are as follow

:

App. zen. dis. Refraction. Correct. True zen. dis

sum. sols. 27 0 59' 38/00 o' 29/83 -{- o"85 28° o' 8/68

winter do. 74 32 24,16 3 26,34 5,32 74 35 56,02

102 56 470

Latitude 51 28 2,35

The mean obliquity of the ecliptic for the same period will be

74° 55 56/02

28 o 8,68

46 55 47.34

23 27 53,67

The new solar tables state the obliquity of the ecliptic for

1800 at 230 27' 57", and taking the decrease at half a second

per annum, shews the above result to be very near the

truth.

I shall now compare the observations of Lieut. Col. Mudge,

made at the Royal Observatory in 1802, with his zenith

sector, to ascertain the difference of latitude between that

place and my observatory : the following stars being reduced

to the same epoch (2 y 45, 46, 51, Draconis
;

jc, t, Cygni
; y, tj,

Ursac majoris
; 1, Herculis, and Capella. The mean difference

of the zenith distances of these stars, and my own observa-

tions, is 35/49 ; which being added to my latitude, shews

the latitude of the Royal Observatory to be 51 0 28' 37/59;
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and this subtense of the arc agrees very nearly with that of

y Draconis, by Dr. Maskelyne, which he has communicated

to me, being 35,"3 1. Several of those made by Lieut. Col.

Mudge were single observations, with the zenith sector in

one position only, and therefore were reduced by the mean

coilimation, found from the other stars
;
but the result shews

the accuracy of his observations. The latitude of Greenwich,

when corrected from the mean of circular instruments, as

proposed by Mr. Pond, and by the refraction for the excess

of 57", will not differ more than half a second, from the above

determination.

Having found by this hypothesis, the mean astronomical

refraction at 45
0
, I shall proceed to compare the same, with

the observations of other astronomers. M. Piazzi has very

ingeniously, and with great labour, made his deduction of the

mean refraction, from the observations of Procyon, a Lyrse

and Aldebaran at equal altitudes, from 38° to 89° 30' zenith

distance, in addition to several circumpolar stars, for his latitude

:

this advantage having been obtained from his instrument

moving in azimuth. The result thereof gives the mean re-

fraction at 45
0— 57/3 into the formula of Dr. Bradley, tang.

z—gr; which I have found, as above, 58,"107. M. Piazzi,

therefore, shews in his table of mean refractions, that at

45°= 5 7 >"3 x tang. 45°- 3 r= 57,"2 ;
which will be = 58",01

in my table. On a comparison with the present French tables,

the latter give 58/'2, at 45
0

,
which is in excess of my own.

The formula of M. de la Place, as given in his Mecanique

Celeste, which is very elaborate and ingenious, being applied

to a constant quantity, 60,"616, as determined from obser-
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vation, will produce a table of refractions, nearly the same as

Dr. Bradley’s, though the latter is effected by a more simple

formula. M. Piazzi has shewn from his observations, that

the actual refractions, so far as 8o° from the zenith, are greater

than those assumed byDr. Bradley
;
and thence to the horizon,

the formula of the latter produces an excess, therefore re-

quires a reduction in the quantity. The ninth and tenth

columns of the above fifty stars, will show the same result as

that of M. Piazzi
;
viz. that below 8o° the assumed refraction

is greater than will be given from observation : and the mean

correction required for the four last stars, from 87° to 89°,

will be — 0,027, which he determines — 0,029. Those stars

from the zenith to 8o°, I have already corrected, by assuming

a greater constant quantity ;
whence it follows, that all those

equations will be plus, as compared with Dr. Bradley ; but this

will not happen with those at lower altitudes, since his for-

mula thence fails: and it is the correction thereof, which I

shall next proceed to investigate.

This problem of the mean refractions, so important to prac-

tical astronomy, which has occupied the attention of many

mathematicians, has always had in view, to reconcile the

known laws of the refraction of a ray of light passing through

different media, with the actual quantity deduced from observa-

tion. The investigations of various authors are given in the first

volume of Mr. Vince’s Astronomy ;
and that of Mr. Simpson,

in his Mathematical Dissertations. It has been proved, that

the refractions vary nearly as the tangents of zenith distance,

into a constant quantity ; and assuming the variation directly

as the tangents, the approximation will not be sensibly affected

so far as 60
6

; but comparing these, with those at lower alti-
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tudes, as found from observation, it will appear that the re-

fractions vary, as the tangents of zenith distance, minus some

multiple ofr (the refraction), which cally. Now the value

ofy will be found by the formula drawn from the investigation

given at large in Mr. Vince’s Astronomy, by comparing the

observed refraction, at different zenith distances, putting r=
refraction, a= zenith distance of the highest star; r' and a' of

the lowest star : then

r x cot. a — r x cot. a!

y —» ®

Applying this formula to the mean refraction of Polaris below

the pole =49",105, compared with the corrected or observed

refraction of each of the last three stars ; the mean value of

y= 3,3625. Dr. Bradley found by comparing the refraction

at 6o° with that at 90°, which he supposed 33' o", the value of

^=2,996 ; he therefore assumed 3. M. Cassini found the same

to be 3,226; M. Bouguer 3,323; and Mr. Simpson 2,75: this

difference arises from their having supposed the horizontal re-

fraction greater than it appears to be from observation. In the

dissertation of the last author, he proves, that above y° alti-

tude, it matters not whether you assume the refraction, ac-

cording as it would be found from the increased density of

the air, at the low altitudes, and which would give the refrac-

tion at 90° about 52', or by an uniform density, which agrees

better with observation
; since, in the former case, it would

only affect the refraction about two seconds.

Having thus assumed a greater value ofy, than 3, for the

coefficient of r, the mean refraction at 45
0 will vary inversely,

as tang, z — %r : 58",10734 : : tang, z -~yr : x . therefore.

x tang. 45°- 3 r x 58.10734 __ „„
tang. 45

0 — vr 5 > 9 ’yr

D dMDCCCX.
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The table of mean refractions by the proposed formula, com-

pared with the observed refraction, differs with the lowest

star, less than 2"; but the refractions at those low altitudes

having always been found uncertain, we may presume that

the result so nearly approximates the truth, that we may not

possibly ascertain the refractions more correctly. However,

since my deduction will soon be submitted to the test of some

excellent circular instruments, it will be seen, whether more

accurate tables can be formed.

M. Biot, in the report of the National Institute, observes,

that a third correction of the refractions having been supposed

to arise from the vapours at low altitudes, and therefore an

equation might be found from the hygrometer,- he was in-

duced to make some experiments with a prism containing

warm air dried by potash, the outside of which was charged

with the natural moisture of the atmosphere ; but he could

discover no alteration in the refraction. He consequently in-

fers, that the hygrometrical state of the atmosphere has no

sensible effect on the refractions. Supposing an effect really

to exist, a standard hygrometer would be required
; since

those instruments, which show the comparative state of hu-

midity or siccity of the atmosphere, give no scale of the velo-

city of the current of air which causes the change.

The mean astronomical refraction being determined in this

manner, it will be further necessary to investigate the equa-

tions for the barometer and thermometer; and I must pre-

mise, that I have always applied those for the latter, from the

temperature shewn by the thermometer attached to the tele-

scope. Some astronomers have applied the correction for the

external temperature, others for the mean ofboth ; but I believe
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the majority have adopted the temperature within the obser-

vatory.

It is to be regretted, that astronomers have not informed

us, by what methods they have deduced these corrections of

the mean refractions ;
I shall therefore explain that which I

have adopted, in order that this hypothesis may be investi-

gated
;
and any error therein, be the more easily detected.

I have taken all those stars in the table, below the Pole, from

jG Ursae majoris to e Aurigae, both inclusive, having noticed

that those observations made in winter, when the correction

is additive, the assumed correction by Dr. Bradley’s formula

appears to be too great ; and this difference will be seen by the

comparison in Tables II. and III. To these I have added Fo-

malhaut, containing in the whole 210 observations. Having

determined the mean place of the star at a certain epoch, I find

the apparent place ;
the difference between which and the

observed place, is the apparent refraction, which call a; put

b = mean refraction, c = to the correction for the barome-

ter, and w = to the correction for the thermometer: then

The following observation of a. Cygni will suffice for an

example. Observed zenith distance 83° 47' 58",34 ; apparent

zenith distance 83° 56' 27",12 ;
apparent refraction S' 28",78 ;

mean refraction 8' 7",83 ; barometer 30,13; correction by

Bradley -f- ,0179; thermometer within 41, without 34: then

for the thermometer within at 41, or without at 34.

Proceeding in this manner with the above 210 observations,

I obtained equations for the thermometer within, from 31 to

a (8'. 2 8",78) - b (8'. 7",8 3 )

b (8'. 7
">8

3 )

= +,°430-c(+,0179)=w(+,0251)

D d 2
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79 ;
and for the thermometer \Vithout, from 24 to 80. The

difference of these extremes being divided by 8, will show

the corrections for the former to every 6°, and for the latter

to every 7
0

; and assuming that the variations are in a reci-

procal ratio to the degrees of the thermometer, I propose the

following formula. Putting h for the degree of Fahrenheit’s

thermometer, then 49
0 — h° x ,0024, when below the mean

;

49
0— h° x ,0023, when above the mean; will be the correction

for the thermometer within ; and 45
0 — h° x ,0021, the cor-

rection for the thermometer without. The Tables II. and III.

show the near agreement of the observed and the equated

factor, found as above. The barometer at its mean state may

continue to be taken at 29,6 inches ; and the mean point of

the thermometer without, will then be at 45
0

. The thermo-

meter within, which has been assumed at 50° for the mean

state, from observation, appears to be at 49
0

; and supposing the

barometer and thermometer to vary reciprocally, as the for-

mer in inches and the latter in degrees, the mean point of

each is in an inverse ratio to the other, and might be changed

if thought expedient. Indeed it appears from the mean of

more than 1000 observations of these circumpolar stars, at

all seasons, that the mean state of the barometer is 29.85,

and of the thermometer 52
0

;
yet, as the sum of the two cor-

rections would still be the same, there cannot be occasion to

alter the mean point of the former, especially as this might

not be a general rule for every climate. It has very rarely

happened, that I could make any observation, when the baro-

meter has been below 29 inches, which causes the mean state

to be so high as 29,85 ;
but it may be otherwise in places,
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where the atmosphere is not so charged with vapours, as that

of this country.

I have, in the Table IV. shewn the mean refractions, ac-

cording to various authors ; the first column contains those of

Mr. Simpson, from the observations of Dr. Bevis; the second,

those of Dr. Bradley, by his formula, tang, z — gr x 57" ; but

this quantity having been found, from later observations, to

have been too small
;

the third column contains the same

formula, into 58", 107; yet the refractions, at low altitudes,

will be found too great, and this excess has been corrected

by M. Piazzi, using arbitrary equations, which will bring

them nearer to the truth, as shown in the fourth column.

The more uniform correction of the whole will be, as I have

proposed in the above theorem, by increasing the coefficient

of r; a corollary from which will be drawn, that the incre-

ment of the tangents near the horizon will cause the equa-

tions of M. Piazzi to vanish. The fifth column contains the

refractions of the French tables
;
and the sixth, my own ; viz.

tang. » — 3,3625 rx 5S" 3ng^.

On inspection of this table, it will appear, that the refrac-

tions by different formula do not vary considerably, so far as

8o°; and thence to 87°, my deductions are rather in excess

of the French tables
;
below which, mine are gather less.

Whether this arises from the defect of the formula, I cannot

determine
; since the wall of Greenwich park being above

my horizon, I cannot observe lower than 88^-° : however, so

far as 88°, the formula I have proposed, agrees with obser-

vation.

S. GROOMBRIDGE.
Blackheath, 22 Jan. 1810.
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Factors for the correction of the Refraction, the mean result

of 210 observations.

Thermometer within. Thermometer without.

Bradiey. Observed. Equated,
I
Observed. Equated.

31 -b ,°499 + ,0437 4- ,0436 24 -f ,0436 4-,°436

37 ,0336 ,0329 ,0295 31 ,0319 ,0289

43 ,0178 ,0153 ,0155 38 ,0133 ,0142

49 ,0025 ,0000 ,0014 45 ,0007 —,0003
55 —,012.5 —,0132 ,0126 52 —,0161 ,0132

61 ,0275 ,0286 ,0267 59 ,0291 ,0299

67 ,0425 ,0444 ,0407 66 ,0420 ,0446

73 ,0575 ,0512 ,0348 73 ,0387 ,0393

79 ,0725 ,0688 ,0688
1

80 ,0741 ,0740

Factors for the correction of the Refraction, equated from the

mean of the above, according to the proposed formula.

Table II.

28

32
36
40

44
48

49
52
56
60

64
68

72
76
80

+,0504
,0408

,0312
,0216
,0120

,0024
,0000

—,0069
,0161

,0253

,0345

>°437
>0529
,0621

,0713

Table III.

20 + ,0325
25 ,0420

3° ,0315

35 ,0210

4° ,0105

45 ,0000

5° —,0103
55 ,0210
60 ,0315
63 ,0420

7o ,0323

75 ,0630
80 ,0735
85 ,0840
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Table IV. The mean astronomical Refractions, according to

several Authors.

Zenith

dis.

Simpson.

Braciey.

Piazzi French Tables. d
CO

tang, s

X 57
"

— 3 r

X 5 3/ 107.

0 / // / /' / // / // / // / //

10 O 9 0 10,00 O 10,39 O 10,2 O 10 >3 0 10,24

20 O 19 0 20,70 0 21,10 O 20,8 0 21,2 0 21,13

30 C 30 0 3230 O 3354 O 33,2 O 33,4 0 33 5 i

40 O 44 0 47 80 O 48,73 O 48,1 O 48,9 0 48,69

45 0 52 0 5^9° O 58 00 0 57,2 O 58,2 0 58,01

50 1 2 1 7 80 1 94 i 1 8,2 1 9-3 1 9 ,i 1

55 1 14-5 1 2 1 .20 1 22 77 1 22,4 1 231 1 22,77
60 1 3° 1 38.40 1 40,3 1 1 39,8 1 4° ,

6
'

1 40,29
65 1 52 2 1,70 2 4>°2 2 3,5 2 43 2 3.98
70 2 23 2 3 '50 2 38 550 2 37,8 2 38 8 2 38,41

72 2 40 2 53 9° 2 57^8 2 56,5 2 57 6 2 57 !3

74 3 1 3 16.70 3 20.44 OO 18,3 3 20,6 3 20,22

76 3 27 3 45^50 3 49 79 3 47 3 3 49,8 3 49,44
73 4 2 4 23.18 4 28 23 4 24,3 4 27-9 4 27,68
80 4 50 5 ! 4>s3 5 20,78 5 16,1 5 19,8 5 19,85
81 5 21 5 48 45 5 55 5 47,4 5 53,5 5 5374
82 5 59 6 *9,55 6 36,85 6 28,3 6 34,4 6 35 ,o6

83 6 4.8 7 20,84 7 28,98 7 19,5 7 24,7 7 26,46

84 7 49 8 20,41 8 35,64 8 24.9 8 299 8 31,85
8.5 9 10 9 52 50 10 34 8 9 45 ,4 . 9 54,3 9 57,27
86 1

1

5.

1

1

49 > 7 / 1

2

i -95 11 42,6 1

1

48,3 1

1

52,21

87 1 3 44 14 3T° 1 '4 48,78 14 25,1 14 28,1 14 3 R75
88 ‘7 43 1 8 34 -3° so 5° ,59 18 2 ,7 18 22,2 18 19A9
% 23 5° 24 28,14 24 46.42. 3 46,1 24 21,2 23 4677

]
9° '2Q 0 32 59 43 33 18,52 J2 3 ,° 33 46,3 S l 27,87
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XI. Extract of a Letter from the Rev. John Brinkley, D. D.

F. R. S. Andrew’s Professor ofAstronomy in the University of

'Dublin , to the Rev. Nevil Maskelyne, D. D. F. R. S. Astro-

nomer Royal, on the annual Parallax of a. Lyrce.

Read April 12, 1810.

I have now had sufficient experience of my eight feet circle,

to be highly satisfied with it, and have arrived at one con-

clusion, that it is of importance in astronomy.

My observations on a. Lyrae for the purpose of discovering

an annual parallax now amount to 47 in number, viz. 22 near

opposition, and 25 near conjunction, and the mean of these

gives a result of 2,^52 as the parallax of the annual orbit for

that star, and I have no doubt that it exceeds 2".

My observations of different circumpolar stars, and of the

same star in different states of the thermometer, seem to re-

quire a small alteration in the numbers of Dr. Bradley’s

formula for refraction.

The formula so altered is

Refraction ~ $6,"9 x tang. I Zen. dis. *— 3,2 Refr. | x-
"'sh

" ?
f

^

arotn,

x 5°°
L j 29,6 450-fther.

By means of this formula, the observations of circumpolar stars

considerably distant, give the same co-latitude to a great de-

gree of exactness.



C 205 3

XII. On the Mode of breeding of the Qviviviparoits Shark, and on

the Aeration of thefoetal Blood in different Classes ofAnimals,

By Everard Home, Esq. F. R. S.

Read June 7, 1810.

That some of the shark tribe do not lay their eggs, but

hatch them within the body, and that others lay them in the

same manner as the skate, has long been known ;
but nothing

seems to have been accurately made out upon either of these

subjects, I am therefore induced to lay before the Society the

following observations.

In my examination of the squalus maximus, an account of

which is published, I found that it closely resembled in its in-

ternal structure, the squalus acanthius of Linn^us, a fish

common on the Sussex coast, which made me pay particular

attention to the anatomy of all the parts of this species of dog-

fish.

In December, which is the breeding season of this particu-

lar species of dog-fish, I procured specimens of the male, and

of the female, in all the different stages of impregnation

;

from the dissection of these is drawn up the following ac-

count of the organs of generation.

The male organs were found in two very different states
;
in

one, the testicles were small, and the penis scarcely discernible;

in the other, the testicles were larger, the epididymus and vas

deferens turgid with semen, and the penis put on the ap-

pearance of a projecting infundibular canal, capable of com
mdcccx. E e
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veying the semen into the oviduct of the female, resembling

in its form, the penis of the squalus maximus, only upon an

infinitely smaller scale.

The pendulous bodies close to the oval fins of the male,

which have been mistaken for penises, by many physiologists,

and by others more rightly considered as claspers, to lay

hold of the female, bear a close resemblance in their form to

those of the squalus maximus, which have been described in

mv account of that fish, under the name holders, and from

every part of their mechanism, there can be no doubt that

they perform that office. In the breeding season, they become

more fleshy than at other times, the muscles at that time

being enlarged.

The insertion of the penis into the female, is not unlike

that of the common fowl, but the penis is fitted to inject the

semen further into the oviduct than can be done by the grooved

penis of the cock.

When the holders are spread out, so as to embrace the

female, even after the fishes are dead, the penis is brought

forward by that means, so as readily to enter the external

orifice of the oviducts, to which it is guided by the prominence

of the clitoris. The holders are represented in this expanded

state in the annexed drawing.

The mode in which the semen enters the penis is so unlike

what is met with in other animals, that it deserves to be

particularly explained.

The vasa deferentia are convoluted in their course, but

become straight and much enlarged at the lower part, and

instead of going on to the penis, terminate by two wide

orifices on the posterior surface of what may be called the



207of the Oviviviparous Shark, &c.

urinary bladder, which is of an oval shape, and partially

divided into two by a septum, on each side of which the

ureters enter it. From this cavity, the penis is continued like

the neck of a Florence flask, and the semen, before it can

arrive at the penis, fills the bladder, and is propelled by the

action of the muscular coats of that cavity, by which means

the semen acquires velocity, and the penis is rendered turgid

during the whole time that such force is applied to the liquid

passing through it.

This bladder at other times is a reservoir for the urine,

which must be considered a secondary office in a fish con-

stantly living in water.

The situation and appearance of the testicles are seen in the

annexed drawing, which makes a description of them un-

necessary.

The female organs, before they undergo the necessary

changes to form the eggs, and prepare them to receive the

influence of the male, are very little developed ; the ovaria are

not larger than the testicles of the male before the breeding

season, and resemble them both in their appearance and situa-

tion ; the oviducts are so small as with great difficulty to be

traced, and the clitoris is just large enough to be distinguished.

When the eggs are formed, all these parts develope

themselves.

The ovaria became exceedingly vascular, and the yolks

become conspicuous in all the stages of their increase, from

the size of a pea to that of a walnut, and when arrived at that

size, they pass into the oviduct.

The number of yolks which are ready at any one time

to pass into the oviduct, varies exceedingly in different fishes,

E e 2
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and even in the two ovaria cf the same fish. I have seen five

of the full size in one ovarium, and only two in the other
;

in another fish there were three in each, and so on to a great

variety.

The oviducts enlarge, and become exceedingly extended. In

a fish 27 inches long, each oviduct was 26 inches in length

;

its internal surface was formed into three distinct cavities,

separated from one another by contractions in the coats ofthe

canal. The first of these begins from the orifice that receives

the yolk, and is pyramidal in its form
;

it is ten inches in length,

and gradually diminishes in its capacity, the coats being

extremely elastic, which throws the internal membrane into

folds in a longitudinal direction, taking a very serpentine

course. At the termination of this portion, the contraction is

formed by the interposition of a substance of a fibrous structure,

and light grey colour, between the external coat and internal

membrane, forming a circular band, which is divided into

three equal parts by two circular parallel lines on the internal

membrane. This band is half an inch broad, and its internal

surface has a glandular appearance. The second cavity is

only six inches long, its internal membrane is very vascular,

and thrown into plicae in a longitudinal direction, longer,

thicker, and less numerous than those of the first portion

;

they are smeared over with mucus. This cavity is separated-

from the third, by a transverse fold of the internal membrane

in a contracted state.

The third portion is ten inches long, and forms the cavity

in which the eggs are retained, till the young, fishes are formed,

and capable of taking care of themselves. The eggs, however,,

are not loose in the oviduct, as in birds, but a certain number,
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corresponding to the number of yolks that are in a state to

leave the ovarium at the same time, are inclosed in a mem-
branous bag, piled one upon the other. This bag, at its upper

end, is grasped by the contraction which separates the middle

and lower portion of the oviducts
;
the other extremity, which

is in the form of a blunted cone, is loose and moveable in the

surrounding cavity
;
the eggs are inveloped in a transparent

jelly, which occupies every part of the bag, beyond that in

which the eggs are contained.

The clitoris becomes so much enlarged as to project exter-

nally
;
its base swells out into the form of a heart, as it is painted

upon cards, only that it is much more pointed
; the posterior

surface adheres closely to the parts behind it, for one half of

its length, the other half is loose, and on its upper surface

there is a groove passing on each side, towards the orifices of

the two oviducts. The nymphae are formed by a fold of the

termination of the rectum, and project laterally
; they are very

vascular, and compose the external orifice of the vestibulum,

beyond which are the contracted openings of the oviducts.

After impregnation has taken place, the pendulous portion of

the clitoris becomes flaccid and narrow.

When the young dog-fish is completely formed, the yolk

remains attached to the belly by a long chord, consisting of

blood vessels, and the fish swims about in the surrounding

jelly with this attached to it. If the bag is torn, and the fish

is taken out and put into water, it swims about, but if the

vessels going to the yolk are wounded, the fish immediately

dies.

What number of the shark tribe have this particular mode

of hatching their eggs is not at present known, but there is*
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reason to believe, that it is very general, since the eggs or

the empty shells belonging to this tribe of fishes, are rarely

met with.

The squalus maximus, I have no doubt, is of this kind ; and

from the following memorandum of my late friend Dr.

Patrick Russell, given to me by Sir Joseph Banks, the large

shark met with between the Tropics, breeds in the same way.

“ A shark caught on the 14th of November, 1781, in lat. 7
0

N. measured 8 feet 7 inches, the tail included. The head and

body of a dark bluish colour, the breast and belly of a silver

white. Upon opening the belly, the two oviducts were dis-

tended with young ones contained within an inner cavity,

swimming in a white gelatinous liquid, thicker than the liquor

amnios of quadrupeds.

“ The right oviduct contained 21 young ones, the left 20 ; of

these 25 were males, and 16 females
;
they were all nearly of

the same length, between 9 and 10 inches, and each of them

had the yolk attached to its belly, by a chord of considerable

length.

“ In the lat. 5
0
N. another female shark was caught 7 feet

long ; it had only 8 young ones, 4 on each side/’

Of the oviparous shark I could obtain no information, but

what is contained in Bohadsch, in whose works there is an

engraving of the egg, and of the shark to which it belonged,

caught in the Mediterranean. So little has this subject been

attended to by naturalists, that no mention is made that I know

of, in any author, of such eggs being met with upon the

coast of Great Britain ; I was, however, so fortunate as to

find a shark’s egg on the sea beach at Worthing in Sussex, in

Sept. 1809, and in the course of that month, procured several
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«©T them containing young sharks in all the different stages of

their growth. The egg which is represented in the annexed

drawing, is exactly similar to the engraving in Bqhadsch;

when minutely examined, there is on each side of the egg a

small slit, for the admission of salt water within the shell.

In the latter end of October, a young dog-fish was sent me

23 inches long, which exactly resembled the embryo in the

egg, and proves to be the squalus canicula of Linn^us ; it

had been feeding on the worms met with in the sand banks*

some of which were found in its stomach.

The oviviparous and oviparous dog -fishes, differ materially

in the form of their stomachs. In the first, the pyloric portion

is short and wide, in the other, long and narrow like an in-

testine. As there are larger sharks with both these kinds of

stomach, it is reasonable to believe they have also the same

difference in their mode of breeding.

The gelatinous liquid which surrounds the ova of the dog-

fish, was found to differ exceedingly in its properties from

other animal jellies, for when the membranous bag contain-

ing it, was immersed in proof spirit, for the purpose of pre-

serving the ova in their natural situation, the jelly, instead of

coagulating, as was expected, expanded so much as to burst

the bag. So striking a peculiarity led to a further considera-

tion of it, and a suggestion naturally arose in my mind, that

there might be a similarity between it and the jelly, with

which the ova of the frog are surrounded. I therefore re-

quested my friend Mr. W. Brande, to examine the chemical

properties of both these substances, and shall subjoin his

account of them.

That the jelly in the oviviparous dog-fish, is formed in the
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middle portion of the oviduct, there can be no doubt
;
but the

exact part in which the jelly of the frog is formed, has not

been ascertained, which led me to make the following obser-

vations respecting it.

In some frogs that were kept in a damp cellar through the

winter, no visible change took place in the ovaria or oviducts,

although frequently examined, by immersing parts of them

in water at different temperatures, till the 10th of February
;

at that time a portion of the oviduct, when immersed in water

at 8o°, swelled out so as to double its size, and when the water

was at 120° expanded very rapidly. On the 25th of February

the oviducts were seen to enlarge, and on slitting them open,

the internal surface was smeared over with a ropy fluid. A
portion of oviduct two or three inches long, in water heated to

1200

,
swelled out into a mass of transparent jelly which filled

a half pint tumbler, and all traces of the coats of the oviduct

were lost.

Upon shewing this jelly to Sir Joseph Banks, he said that

it very much resembled what he Tad seen when a boy, in the

country during the winter months, upon the ground, and on

the boughs of trees, called star-shot jelly, from being sup-

posed to be formed by falling stars
;
and that it would be

worth while to compare them together, and determine whether

the common opinion mentioned by Pennant, which Sir Joseph

Banks had always believed, was correct. The jelly is said to be

brought into this state, by the frog having been swallowed by

a bird, and the warmth and moisture of the stomach, making

the jelly in the oviducts expand so much, that the bird is

obliged to reject it by vomiting. Sir Joseph Banks procured

some star-shot jelly from Lincolnshire, and Mr. W. Brande
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found that it was in all its chemical properties, the same with

that formed in the oviduct of the frog, and when saturated

with water, resembled the jelly in the oviduct of the dog-

fish.

The consideration of the properties of this jelly, with which

the ova of the oviviviparous dog-fish and of the frog, are

surrounded, and the purposes it is intended to answer, led me
to take a view of the various modes by which the foetal

blood is aerated in the different classes of animals. The pro-

visions of nature for this very important purpose, form a

beautiful series.

The ova of many fish, as the salmon and trout, are laid in

the sand and gravel, and the foetal blood of the embryo is

aerated by means of the surrounding water
;
these fishes,

therefore, are found to spawn as near as possible to the

sources of springs, where the water, coming from the earth,

is in a state of high aeration. The ova of other fish, which

spawn in waters less impregnated with air, are deposited on

the leaves of water plants and weeds, that give out oxygen,

by means of which, the embryo has its blood aerated. The

tench and the pike are of these kinds.

The ova of the perch are surrounded by a jelly as that in

the frog, which imbibes water, probably for aerating the foetal

blood.

These observations were suggested to me, by my friend

Professor Davy, who has made it a part of his amusements

to attend to the habits of fishes.

The ova of the oviparous shark, skate, and all that tribe,

although too strong in their coats to be penetrated by the sea

water, have natural apertures for its admission and escape,

MDCCCX. F f
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there being two on each side of the egg, so that there is a

current of sea water constantly supplying the egg with air.

In the oviviviparous sharks the ova have no hard covering,

being contained within the body of the fish, they are sur-

rounded by the same jelly as in the frog, and the sea water

is applied to the membrane in which they are inclosed, the

opening of the oviduct admitting it for that purpose.

In the bird, the eggs being surrounded by atmospherical

air, are supplied with it through the porous texture of the

shell, which readily transmits it to the membranes of the

embryo.

In all these tribes, the mode, in which the air is applied to

the foetal blood is as follows. Besides the common circulation

of the blood from the heart of the embryo, to the different

parts of its frame, there is a lesser circulation from the arte-

ries to the membranes, which inclose the embryo, and which

are in contact with the aerated water, or air, in which the egg is

deposited
;
in this circulation, the blood attracts the air through

the membrane, and conveys it into the system. In birds, the

young are fed and taken care of by the parents, after the eggs

are hatched, and in them this foetal circulation is immediately

stopped, on the embryo breaking the shell, and the yolk is

drawn up into the belly as a supply of nourishment, till the

stomach has acquired the powers of digestion.

In the oviviviparous sharks, the young ones swim about

in the jelly, which surrounds the ova, with the yolk attached

to the belly by a long vascular chord, till fitted to swim in

the sea, and all this time the blood is aerated from these

membranes. After the young leaves the bag in which the eggs

are contained, the yolk is taken into the belly, as in the bird.
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In the opossum tribe, and all the pouched animals in New
South Wales, there is a peculiarity in the form of the female

organs of generation, which has not been understood
; this is

a communication between the uterus and vagina during the

formation of the embryo, by means of one or two lateral

canals. These I described in my account of the female organs

of generation of the Kanguroo, and was led to believe, from

the coagulated state of the parts, which had been a year pre-

served in spirit, that the openings into the vagina were closed ;

but this mistake was afterwards corrected in my account of

the Wombat, in which I stated from Mr. Bell, who examined

the uterus with the embryo in it, “ On opening the vagina, it

was found to terminate at the common neck of the uteri ; on

each side of which, were the openings of the lateral canals,

and in the middle between them, the meatus urinarius, with

a slender fleshy pedicle on each side of it. Behind the meatus

urinarius, were two orifices leading to the uteri, but they

were filled with a thick gelatinous substance, which rendered

them completely impervious/'’ These lateral canals enlarge

very much, as the embryo begins to form ; at one end they

open freely into the uterus, and at the other into the vagina;

they are distended with jelly, and are employed to keep up a

communication with the external air, for the purpose of

aerating the foetal blood ; their appearance in the kanguroo

is seen in the annexed drawing.

As the embryo in all the animals of this tribe is contained

in a soft egg, which, from the description of Mr. Bell, the

only person who has attentively examined it, has no connec-

tion with the internal membrane of the uterus, some apparatus

like the lateral canals became necessary for the aeration of

Ff 2
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the fetal blood. The embryo in these animals, therefore, forms

the intermediate link between the ova that are deposited in

the oviduct, and hatched there, and the fetus formed in the

uterus ; it resembles the first, in the mode by which the foetal

blood is aerated, and the second, in the situation in which it is

deposited, and in the mode of its being supplied with nourish-

ment after birth.

In quadrupeds in general, and the human species, the fetal

blood is aerated in a very different manner, from that which

has been described ; for although the foetal circulation sends

a portion of its blood to the whole of the membranes in which

the embryo is inclosed, as in oviparous animals, the influence

of the external air is excluded, from the coats of the uterus,

to which these membranes every where adhere. The fetal

blood is however close enough to that in the vessels of the

uterus, to have the air in the maternal blood communicated

to it.

There are three different structures of the membranes of

the fetus for this purpose
;
one of these is the whole of the

fetal membrane next the uterus, being extremely vascular,

as in the horse and ass
;
the second, is having only particular

portions of it loaded with blood vessels, as in the deer
;
the

third, is having only one large mass, into which the fetal

blood vessels pass to a certain depth, beyond which is a cel-

lular structure, filled with blood from the arteries of the uterus,

and taken up by the uterine veins, so that in this instance,

there is a greater mass of blood belonging to the mother,

nearly in contact with the fetal blood, than in other animals.

From the series of facts which has been detailed, it appears,

that oxygen is essentially necessary for the action of the
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vivifying principle in all classes of animals ; and that it is not

simply applied to the blood, but mixed with that fluid while

circulating in the arteries, since, if this were not the case,

there would be no means of aerating the foetal blood in the

higher orders of animals.

Experiments on the Jellyformed in the Oviduct of the Frog ,
and

Oviviviparous Shark
,
by Mr. W. Brande, F.R.S.

The substance contained in the oviduct of the frog, is of a

whitish colour, nearly opaque and extremely viscid. It does

not mix with water, but at common temperatures expands

slowly in that fluid to about twelve times its original bulk.

At a temperature of loo
3
, this expansion is much more con-

siderable, and the substance puts on the appearance of an

attenuated and nearly transparent jelly, but none of it is

dissolved.

The expansion seems to depend on the absorption of

water by the gelatinous substance, the proportion of water

taken up being very great. A piece of the unexpanded sub-

stance of the size of a large pea, requires rather less than

three ounces of water for its complete expansion, and a mass

of jelly equal in bulk to three ounces is formed.

This substance dried at a temperature of 212
0

,
becomes

brittle, but when it is put in this state, into moderately warm
water, it again expands, becoming nearly as bulky as before.

Digested in alcohol it becomes brittle and opaque, and con-

tracts to about one half of its original bulk. If in this con-

tracted and perfectly brittle state, it be put into warm water,

it again expands as before. But when once expanded, it is

neither hardened nor coagulated by alcohoh



Sl8 Mr. W. Brande 0/2 the Jelly

It is soluble in nitric, sulphuric, and muriatic acids.

Nitric acid, diluted with its weight of water, when poured

upon the substance recently removed from the oviduct,

changes its colour to a deep yellow, and rapidly dissolves it

on the application of a moderate heat. This solution is of a

pale yellow colour. The caustic fixed alkalies render it

slightly turbid when not added in excess
;
in this case the

mixture becomes perfectly transparent.

Muriatic acid at a boiling temperature, dissolves the recent

substance very rapidly, forming a solution of a deep blue

colour,* in which no precipitation is produced by the alkalies.

Concentrated sulphuric acid dissolves the substance from

the oviduct slowly, and forms a pale brown solution. If heat

be applied, the colour approaches to black.

No change is produced by the alkalies in these sulphuric

solutions.

The substance is very rapidly dissolved by a boiling solu-

tion of caustic potash. The compound is imperfectly sapon-

aceous, its transparency is not disturbed by the addition of

sulphuric or of muriatic acid ; but nitric acid added in a small

excess, renders it slightly turbid.

None of the solutions which have been described, afford

any precipitation on the addition of tannin, neither does water,

in which the substance has been boiled, yield even the smallest

traces of gelatine.

® The blue colour of this solution, is instantly destroyed by the addition of an al-

kali: it seems to arise from the formation of a very minute portion of prussiate of

iron. Mr. Hatchett has observed, that some of the varieties of albumen afford a

blue solution, when long digested in muriatic acid : this is probably from the same

cause. Phil. Trans. 1800.



in the Oviducts of the Frog ,
&c. si g

No coagulation is produced in this substance, by Voltaic

electricity, from 30 double plates of four inches.

These experiments shew, that the substance from the ovi-

duct of the frog, is of a peculiar nature : its characteristic

property being the remarkable power of expansion, by the

absorption of water.

It is distinguished from gelatine by its insolubility in water,

and by affording no precipitate with solutions containing tan-

nin : from albumen, by not coagulating on the application of

acid, or electricity, and by forming compounds with the alka-

lies, which are not saponaceous. In some of its other proper-

ties, it would appear, as far as regards its chemical habitudes,

to be a substance, intermediate between albumen and

gelatine.

The gelatinous substance from the egg of the dog-fish, has

the properties of that from the oviduct of the frog in its ex-

panded state, and is consequently analogous to what has been

termed star-shot jelly.
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Explanation of the Plates.

Plate IX.

An internal view of the belly of the oviviviparous dog-fish,

squalus acanthias, of Linnjeus: to show the organs of gene-

ration in their natural situation, when in a state fit for

impregnating the female.

a The heart.

b b The liver.—The left lobe is cut away to expose the

parts behind.

c The ^esophagus.

d The cardiac portion of the stomach.

e The pyloric portion.

f The small cavity between the pylorus and duodenum.

g The duodenum.

h h The valvular intestine.

i i An appendix to the intestine with which it communicates.

k k The testicle.

1

1

The vas deferens, the lower portion of which is straight,

and distended with semen.

m The cavity which is the reservoir of semen, and urinary

bladder.

n The kidney.

o The penis.

p p Tw'o external openings leading into the cavity of the

abdomen.

q q The two holders in their collapsed state.

Plate X.

The holders in their extended state, as they appear when

the male is clasping the female. In this state of the parts, the
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penis is brought forward, and projects externally. On each side

of it is seen the opening which leads into the cavity of the

abdomen.

The parts are of the natural size.

Plate XI.

An internal view of the abdomen of the female squalus

acanthias of Linnaeus, to show the organs of generation in

the maiden state.

a The heart.

b b The liver.

c c The stomach.

d The spleen.

e e The valvular intestine.

f The appendix.

g g The ovaria.

h h The openings of the oviducts, by which they receive

the ova from the ovaria.

i i The course of the oviduct.

k k The oviduct on the opposite side.

-/ The clitoris.

m m The kidnies.

Plate XII.

Shows the oviduct of the squalus acanthias, with the ova in

it, and the young fish after it has left the mother ; also the

ovum of the squalus canicula or oviparous dog-fish, and the

young.

F g. 1. The oviduct taken out of the body.

G §MDCCCX.
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a The orifice which receives the ova, beyond which the

oviduct is slit open.

b b The first portion of the oviduct,

cc The second portion.

d d The third portion, containing the ova inclosed in the

capsule ; they are three in number; beyond them the capsule

comes to a point, and these processes are filled with a trans-

parent jelly.

Fig. 2. The young squalus acanthias.

Fig. 3. The ovum of the squalus canicula, containing the

young fish, with the yolk attached to it
; and shewing the slits

by which the salt water gets to the membranes of the young

:

the bristle enters one aperture, and comes through the other.

Fig. 4,. The young squalus canicula.

Plate XIII.

The uterus and lateral canals of the kanguroo, in the im-

pregnated state.

a a The vagina.

b b The openings of the lateral canals into it.

cc cc The two lateral canals, one laid open.

d d The two sides of the uterus.

e e The openings of the fallopian tubes.

f The imperfect septum of the uterus.

g The ovarium slit open to shew the corpus luteum.
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XIII. On Cystic Oxide
, a new species of Urinary Calculus.

By William Hyde Wollaston, M.D. Sec.R.S.

Read July 5, 1810.

The principal design of the present essay is to make known

the existence, and to describe the leading properties of a new

species of urinary calculus from the human bladder
;
but I

shall at the same time take the opportunity of correcting an

inaccuracy or two that I have observed in my former com-

munication on this subject. (Phil. Trans. 1 797.)

I, on that occasion, took notice of five kinds of urinary

calculi,

1. The lithic acid, since called uric acid, originally analysed

by Scheele.

2. The oxalate of lime, or mulberry calculus.

5. The phosphate of lime, or bone-earth calculus.

4, The ammoniacal phosphate of magnesia.

5. The fusible calculus ,
which consists of the two last spe-

cies combined.

It is now about five years since I first met with another

species, evidently differing from each of those before described*

It was in the possession of Dr. Reeve of Norwich, who

obligingly gave me a portion of it for the purpose of examin-

ing its chemical qualities. It had been taken from his brother

when he was five years old, and at that time was covered

with a coating of phosphate of lime very loose in its texture,

G g 2
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and consequently very soon separated.* This species is pro-

bably very rare
;

for, although I have omitted no opportunity

of paying attention to any urinary concretions to which I could

have access, I have, to this time, seen only one other specimen

of the same substance. This last is in a collection of calculi

belonging to Guy’s Hospital, given by Mr. Lucas, surgeon

to that Institution, having been formed partly by his father,

and partly by himself, in the course of their practise ; and

according to the present arrangement, (which, it is to be hoped,

will not be altered) the calculus to which I allude may be

found by reference to No. 46 of that collection. It was ex-

tracted by the usual operation, from a man 36 years of age,

of whom no record is preserved, except that his name was

William Small. It weighed, when entire, 270 grains.

In appearance, these calculi resemble more nearly the triple

phosphate of magnesia, than any other calculus
; but they

are more compact than that compound is usually found to be :

not consisting of distinct laminae, but appearing as one mass

confusedly crystallized throughout its substance. Hence,

instead of having the opacity and whiteness observable in

fusible calculi, which consist of a number of small crystals

cemented together, these calculi have a yellowish semi-trans-

parency ;
and they have also a peculiar glistening lustre, like

that of a body having a high refractive density.

When this substance is submitted to destructive distillation,

* I am informed, that another stone formed afterwards in the bladder of this boy,

and that he died in consequence, without submitting to the operation a second time.

The stone found in his bladder after death, consisted principally of uric acid, but

was peculiar in one respect, as its center was hollow by the removal of some more

soluble substance, of which the nucleus had consisted.
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it yields foetid carbonate of ammonia, partly fluid, and partly

in a solid state, and a heavy foetid oil, such as usually pro-

ceeds from animal substances ; and there remains a black

spongy coal, much smaller in proportion than is found after

the distillation of uric calculi.

Under the blow-pipe it may be distinguished from uric

acid by the smell, which at no period resembles that of prus-

sic acid ; but in addition to the usual smell of burned animal

substances, there is a peculiar foetor, of which I cannot give a

correct idea, as I know no smell which it can be said to

resemble.

This species of calculus is so readily acted upon by the

generality of common chemical agents, that its character may
perhaps be most distinctly marked, by an enumeration of

those feeble powers that it can resist.

It is not dissolved (excepting in very small proportion) by

water, by alcohol, by acetic acid, by tartaric acid, by citric

acid, or by saturated carbonate of ammonia.

The solvents on the contrary, are far more numerous. It

is dissolved, in considerable quantity, by muriatic acid, by

nitric acid, by sulphuric acid, by phosphoric acid, and by

oxalic acid.

It is also dissolved readily by pure alkaline menstrua : by

potash, by soda, by ammonia, and by lime water. It is even

dissolved by fully saturated carbonates of potash or of soda.

Accordingly, these alkalies are not so convenient for the pre-

cipitation of this matter from acid solutions, as the carbonate

of ammonia, which is not capable of redissolving the precipi-

tate, though added in excess.

For a similar reason, the acids best suited for its precipita-
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lion from alkaline solutions, are the acetic and citric acids.

But the tartaric acid may occasion an appearance of precipita-

tion, by forming a supertartrate with the alkali employed.

The combination of this substance with acids, may be made

to crystallize without difficulty, and they form slender spicula

radiating from a center, wffiich readily dissolve again in water,

unless they have been injured by being in any degree over-

heated.

The muriatic salt is decomposed by the heat of boiling

water, on account of the volatility of the acid, and the rest

are easily destroyed by a greater excess of heat.

The salt formed by combination with nitric acid, does not

yield oxalic acid, and does not become red, as the uric acid

does, when similarly treated
;
but it turns brown, becoming

gradually darker, till it is ultimately black.

When the combinations with alkalies are evaporated, they

leave small granular crystals
;
but as I was desirous of ren-

dering my experiments as numerous as a limited quantity

would permit, the portion which I could employ in any one

experiment was too small for me to attempt to determine the

form of such crystals.

When a hot solution in potash was neutralized by distilled

vinegar, the precipitate did not immediately take place, but

formed gradually during the cooling of the liquor in minute

crystals, some at the surface of the fluid, and others attached

to the sides of the vessel. The only definite form which I

could observe, was that of flat hexagonal plates, but I could

discern nothing which enabled me to judge of the primitive

form of the crystal. On the surface of the calculus belonging

to Guy’s Hospital, some minute crystals may be discerned, of
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a different shape, being nearly cubic. And it is possible, that

the hexagonal crystals may owe their figure to a small por-

tion of alkali remaining in combination.

From the ready disposition of this substance to unite with

both acids and alkalies, it would appear to be an oxide ; and

that it does, in fact, contain oxygen, is proved by the forma-

tion of carbonic acid in distillation. The quantity of oxygen

present in the calculus is not, however, sufficient to give it

acid properties, for it has no effect on paper coloured with

litmus.

I am therefore inclined to consider it as an oxide
; and

since both the calculi that have yet been observed have been

taken from the bladder, it may be convenient to give it the

name of cystic oxide, which will serve to distinguish it from

other calculi
;
and as this is unlike any other term at present

employed in chemistry, it is to be hoped that it will not be

thought to require any alteration.

Since the period of my first essay on gouty and urinary

concretions, the general results contained in it have been

confirmed by others, and I believe are incontrovertible. But

I am under the necessity of acknowledging a mistake in the

analysis of the mulberry calculus, though not of much im-

portance. An acid is mentioned to have arisen by sublimation,

and it was supposed to originate from a partial decomposition

of the oxalic acid. But since pure oxalate of lime yields no

such sublimate, it most probably arose from the mixture of a

small quantity of uric acid in the calculus' then under exami-

nation.

In the analysis of the triple phosphate of magnesia, there

is another mistake of more consequence. In my selection
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from numerous experiments for ascertaining the presence of

phosphoric acid, I gave the preference to one in which nitrate

of mercury was employed, on account of the facility of ex-

tracting the acid from the phosphate of mercury, by heat

alone. But since the whole of the phosphoric acid is not pre-

cipitated by nitrate of mercury, sulphate of magnesia will not

be formed on the addition of sulphuric acid, and the magnesia

cannot be obtained separate by the same process.

It may have been in consequence of this over-sight, that a

mistake on that subject has occurred in the succeeding volume

of the Transactions.

A calculus is there described, which had been taken by Mr.

Thomas from the bladder of a dog, and a series of experi-

ments are related, from which it was inferred to consist of

super-phosphate of lime, and phosphate of ammonia. But

from the appearance of this calculus (which was exhibited to

the Society at the time when the paper was read) I was much

inclined to think, that the nature of it was mistaken, and upon

full consideration of the experiments, they did not appear to

me conclusive.

I therefore obtained a portion of the calculus, and by the

following process, the earth contained in it was proved to

consist almost wholly of magnesia.

It was dissolved, with the exception of a very small resi-

duum, by distilled vinegar.

The whole of the phosphoric acid was then precipitated by

acetate of lead, added to excess.

The liquor was then poured off, and sulphuric acid was

added, w hich precipitated the excess of lead, and at the same

time formed sulphate of magnesia in solution.
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By evaporation to dryness, the acetic acid was removed,

and by subsequent increase of heat, the sulphate of ammonia,

and excess of sulphuric acid were expelled.

The residuum being then dissolved in water, and the liquor

suffered to crystallize by spontaneous evaporation, there re-

mained a quantity of sulphate of magnesia, that weighed rather

more than the quantity of calculus taken for the experiment.

It was evident, therefore, that in this instance, the calculus

examined did not consist of super-phosphate of lime, and

there is some reason to doubt, whether a compound, that is

so very soluble in water, ever forms a part of urinary con-

cretions.

Although the treatment of diseases is not in general, a fit

subject to occupy the time of this Society, there is nevertheless,

one suggestion, with respect to the prevention of calculous

complaints, so nearly connected with my present subject, that

I think it may deserve to be recorded.

Since the white matter contained in the urine of birds,

which is voided along with their dung, has been remarked by

M. Vauquelin, to consist principally of uric acid, I have paid

some attention to the different proportion in which this matter

is voided by different species of birds, to see how far it ac-

corded with the different qualities of their food. And I found

that in the dung of the goose, feeding wholly on grass, the

proportion did not seem so much as of the whole dung.

In that of a pheasant kept in a cage, and fed on barley alone,

it was about T'- part. In that of a hen, having the range of

a garden and farm yard, and consequently procuring insects,

and possibly other animal food, the proportion was manifestly

much greater, and combined with lime. In the dung of a

MDCCCX. H h
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hawk, fed upon flesh alone, the quantity of matter voided in

a solid state bears but a small proportion to the residuum of

uric acid, that is left by the urine when dry. And in the

gannet feeding solely on fish, I have observed the evacuations

in some instances to be mere urine, for it contained no solid

matter, excepting the uric acid.

It seems consequently, deserving of inquiry, what changes

might be produced in the urine of any one animal, by such

alterations of diet, as its constitution would permit; for as far

as any inference can be drawn from these varieties, which

naturally occur, it would appear, that persons subject to cal-

culi, consisting of uric acid, as well as gouty persons, in whom
there is always a redundance of the same matter, have much

reason to prefer vegetable diet, but that the preference usually

given to fish above other kinds of animal food, is probably

erroneous.

l
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XIV. Researches on the oxymuriatic Acid, its Nature and Combi-

nations ; and on the Elements of the muriatic Acid. JVith some

Experiments on Sulphur and Phosphorus ,
made in the Laboratory

of the Royal Institution * By H. Davy, Esq. Sec. R.S. Prof

Chem.R.L F.R.S.E .

Read July is, 1810.

The illustrious discoverer of the oxymuriatic acid considered

it as muriatic acid freed from hydrogene
,-f*

and the common

muriatic acid as a compound of hydrogene and oxymuriatic

acid ;
and on this theory he denominated oxymuriatic acid

dephlogisticated muriatic acid.

M. Berthollet,J a few years after the discovery of Scheele,

made a number of important and curious experiments on this

body ; from which he concluded, that it was composed of

muriatic acid gas and oxygene ; and this idea for nearly twenty

years has been almost universally adopted.

Dr. Henry, in an elaborate series of experiments, made with

the view of decomposing muriatic acid gas, ascertained that

hydrogene was produced from it, by electricity
; and he attri-

buted the phasnomenon to water contained in the gas.|J

In the Bakerian lecture for 1808 ,

1

have given an account of

the action of potassium upon muriatic acid gas, by which more

than one third of its volume of hydrogene is produced ; and

1 have stated, that muriatic acid can in no instance be procured

* Communicated to the Royal Society at the request of the Managers of the Royal.

Institution. f Mem. Acad. Stockholm for 1774, p. 94.

% Journal de Physique, 1785, p. 325. ||
Phil. Trans, for 1800, p. 191.

H h 9
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from oxymuriatic acid, or from dry muriates, unless water or

its elements be present.

In the second volume of the Memoires d’Arcueil, M. M.

Gay Lussac and Thenard have detailed an extensive series of

facts upon muriatic acid, and oxymuriatic acid. Some of their

experiments are similar to those I have detailed in the paper

just referred to
;
others are peculiarly their own, and of a very

curious kind: their general conclusion is, that muriatic acid gas

contains about one quarter of its weight of water
;
and that

oxymuriatic acid is not decomposable by any substances but

hydrogene, or such as can form triple combinations with it.

One of the most singular facts that I have observed on this

subject, and which I have before referred to, is, that charcoal,

even when ignited to whiteness in oxymuriatic or muriatic

acid gases, by the Voltaic battery, effects no change in them
;

if it has been previously freed from hydrogene and moisture

by intense ignition in vacuo.

This experiment, which I have several times repeated, led

me to doubt of the existence of oxygene in that substance,

which has been supposed to contain it above all others in a

loose and active state ; and to make a more rigorous investi-

gation than had been hitherto attempted for its detection.

If oxymuriatic acid gas be introduced into a vessel exhausted

of air, containing tin
; and the tin be gently heated, and the

gas in sufficient quantity, the tin and the gas disappear,

and a limpid fluid, precisely the same as Libavius’s liquor is

formed
;
—it occured to me, that if this substance is a combina-

tion of muriatic acid and oxide of tin, oxide of tin ought to be

separated from it by means of ammonia. I admitted ammoniacal

gas over mercury to a small quantity of the liquor of Libavius ;
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it was absorbed with great heat, and no gas was generated
; a

solid result was obtained, which was of a dull white colour

;

some of it was heated, to ascertain if it contained oxide of tin
;

but the whole volatilized, producing dense pungent fumes.

Another experiment of the same kind, made with great care,

and in which the ammonia was used in great excess, proved

that the liquor of Libavius cannot be decompounded by am-

monia ;
but that it forms a new combination with this substance.

I have described, on a former occasion, the nature of the

operation of phosphorus on oxymuriatic acid, and I have stated

that two compounds, one fluid, and the other solid, are formed

in the process of combustion, of which the first, on the gene-

rally received theory of the nature of oxymuriatic acid, must

be considered as a compound of muriatic acid and phos-

phorous acid, and the other of muriatic acid and phosphoric

acid. It occured to me, that if the acids of phosphorus really

existed in these combinations, it would not be difficult to ob-

tain them, and thus to gain proofs of the existence of oxygene

in oxymuriatic acid.

I made a considerable quantity of the solid compound of

oxymuriatic acid and phosphorus by combustion, and saturated

it with ammonia, by heating it in a proper receiver filled with

ammoniacai gas, on which it acted with great energy, pro-

ducing much heat ; and they formed a white opaque powder.

Supposing that this substance was composed of the dry muriates

and phosphates of ammonia ;
as muriate of ammonia is very

volatile, and as ammonia is driven offfrom phosphoric acid, by

a heat below redness, I conceived that by igniting the product

obtained, I should procure phosphoric acid
;

I therefore intro-

duced some of the powder into a tube of green glass, and
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heated it to redness, out of the contact of air by a spirit lamp :

but found, to my great surprise, that it was not at all volatile

nor decomposable at this degree of heat, and that it gave off

no gaseous matter.

The circumstance that a substance composed principally of

oxymuriatic acid, and ammonia, should resist decomposition or

change at so high a temperature, induced me to pay particular

attention to the properties of this new body.

It had no taste nor smell ; it did not seem to be soluble, nor

did it undergo any perceptible change when digested in

boiling water : it did not appear to be acted upon by sul-

phuric, muriatic, or nitric acids, nor by a strong lixivium of

potash. The only processes by which it seemed susceptible

of decomposition were by combustion, or the action of ignited

hydrat of potash. When brought into the flame of a spirit lamp

and made red-hot, it gave feeble indications of inflammation,

and tinged the flame of a yellow colour, and left a fixed acid,

having the properties of phosphoric acid. When acted on by

red-hot hydrat of potash, it emitted a smell of ammonia, burnt

where it was in contact with air, and appeared to dissolve in the

alkali. The potash which had been so acted upon gave muriatic

acid, by the addition of sulphuric acid.

I heated some of the powder to whiteness, in a tube of

platina ;
but it did not appear to alter ; and after ignition gave

ammonia by the action of fused hydrat of potash.

I caused ammonia, made as dry as possible, to act on the

phosphuretted liquor ofM.M.Gay Lussac and Thenard; and

on the sulphuretted muriatic liquor of Dr. Thomson
; but no

decomposition took place
; nor was any muriate of ammonia

formed when proper precautions were taken to exclude mois^
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ture. The results were new combinations
;

that from the

phosphoretted liquor, was a white solid, from which a part of

the phosphorus was separated by heat ;
but which seemed no

further decomposable,even by ignition. That from the sulphu-

retted liquor v/as likewise solid, and had various shades of

colour, from a bright purple to a golden yellow, according as

it was more or less saturated with ammonia
;
but as these

compounds did not present the same uniform and interesting

properties, as that from the phosphoric sublimate, I did not

examine them minutely : I contented myself by ascertaining

that no substance known to contain oxygene could be procured

from oxymuriatic acid, in this mode of operation.

It has been said, and taken for granted by many chemists,

that when oxymuriatic acid and ammonia act upon each other,

water is formed ; I have several times made the experiment,

and I am convinced that this is not the case. When about

15 or 16 parts of oxymuriatic acid gas are mixed with from

40 to 45 parts of ammoniacal gas, there is a condensation of

nearly the whole of the acid and alkaline gasses, and from 5 to

6 parts of nitrogene are produced ; and the result is dry

muriate of ammonia.

Mr. Cruikshank has shown that oxymuriatic acid and

hydrogene, when mixed in proportions nearly equal, produce

a matter almost entirely condensible by water
;
and M. M.

Gay Lussac and Thenard, have stated that this matter is

common muriatic acid gas, and that no water is deposited in

the operation. I have made a number of experiments on the

action of oxymuriatic acid gas and hydrogene. When these

bodies were mixed in equal volumes over water, and intro-

duced into an exhausted vessel and fired by the electric spark,

there was always a deposition of a slight vapour, and a conden-
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sation of from t
t- to -T- of the volume; but the gas remaining

was muriatic acid gas. I have attempted to make the expe-

riment in a manner still more refined, by drying the oxy muriatic

acid and the hydrogene by introducing them into vessels con-

taining muriate of lime, and by suffering them to combine at

common temperatures; but I have never been able to avoid a

slight condensation
;
though in proportion as the gasses were

free from oxygene or water, this condensation diminished.

I mixed together sulphuretted hydrogene in a high degree

of purity and oxymuriatic acid gas both dried, in equal volumes :

in this instance the condensation was not ^ ;
sulphur, which

seemed to contain a little oxymuriatic acid, was formed on the

sides of the vessel ; no vapour was deposited
;
and the residual

gas contained about of muriatic acid gas, and the remainder

was inflammable.

M. M. Gay Lussac and Thenard have proved by a copious

collection of instances, that in the usual cases where oxygene is

procured from oxymuriatic acid, water is always present, and

muriatic acid gas is formed
;
now, as it is shewn that oxy-

muriatic acid gas is converted into muriatic acid gas, by com-

bining with hydrogene, it is scarcely possible to avoid the

conclusion, that the oxygene is derived from the decomposition

of water, and, consequently, that the idea of the existence of

water in muriatic acid gas, is hypothetical, depending upon an

assumption which has not yet been proved—the existence of

oxygene in oxymuriatic acid gas.

M. M. Gay Lussac and Thenard indeed have stated an

experiment, which they consider as proving that muriatic acid

gas contains one quarter of its weight of combined water.

They passed this gas over litharge, and obtained so much

water
;

but it is obvious that in this case they formed the same
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compound as that produced by the action of oxymuriatic acid

on lead ; and in this process the muriatic acid must loose its

hydrogene, and the lead its oxygene ; which of course would

form water
;
these able chemists, indeed, from the conclusion

of their memoir, seem aware, that such an explanation may be

given, for they say that the oxymuriatic acid may be con-

sidered as a simple body.

I have repeated those experiments which led me first to

suspect the existence of combined water in muriatic acid, with

considerable care
; I find that, when mercury is made to act

upon 1 in volume of muriatic acid gas, by Voltaic electricity,

all the acid disappears, calomel is formed, and about .5 of

hydrogene evolved.

With potassium, in experiments made over very dry mer-

cury, the quantity of hydrogene is always from 9 to 11, the

volume of the muriatic acid gas used being 20.

And in some experiments made very carefully by my
brother Mr. John Davy, on the decomposition of muriatic

acid gas, by heated tin and zinc, hydrogene equal to about half

its volume was disengaged, and metallic muriates, the same

as those produced by the combustion of tin and zinc in oxy-

muriatic gas, resulted.

It is evident from this series of observations, that Scheele’s

view, (though obscured by terms derived from a vague and

unfounded general theory,
)
of the nature of the oxymuriatic

and muriatic acids, may be considered as an expression of

facts ;
whilst the view adopted by the French school of che-

mistry, and which, till it is minutely examined, appears so

beautiful and satisfactory, rests in the present state of our

knowledge, upon hypothetical grounds.

liMDCCCX.
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When oxvrnuriatic acid is acted upon by nearly an equal

volume of hydrogene, a combination takes place between them,

and muriatic acid gas results. When muriatic acid gas is

acted on by mercury, or any other metal, the oxymuriatic

acid is attracted from the hydrogene, by the stronger affinity

of the metal; and an oxymuriate, exactly similar to that

formed by combustion, is produced.

The action of water upon those compounds, which have

been usually considered as muriates, or as dry muriates, but

which are properly combinations of oxymuriatic acid with

inflammable bases, may be easily explained, according to

these views of the subject. When water is added in certain

quantities to Libavius's liquor, a solid crystallized mass is

obtained, from which oxide of tin and muriate of ammonia

can be procured by ammonia. In this case, oxygene may be

conceived to be supplied to the tin, and hydrogene to the

oxymuriatic acid.

The compound formed by burning phosphorus in oxymu-

riatic acid, is in a similar relation to water : if that substance be

added to it, it is resolved into two powerful acids
;
oxygene, it

may be supposed, is furnished to the phosphorus to form

phosphoric acid, hydrogene to the oxymuriatic acid to form

common muriatic acid gas.

None of the combinations of the oxymuriatic acid with

inflammable bodies, can be decomposed by dry acids; and

this seems to be the test which distinguishes the oxymuriatic

combinations from the muriates, though they have hitherto

been confounded together. Muriate of potash for instance,

if M. Berthollet’s estimation of its composition, approaches

towards accuracy, when ignited, is a compound of oxymu-
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riatic acid with potassium ; muriate of ammonia, is a com-

pound of muriatic acid gas and ammonia
; and when acted on

by potassium, it is decompounded
;
the oxymuriatic acid may

be conceived to combine with the potassium to form muriate

of potash, and the ammonia and hydrogene are set free.

The vivid combustion of bodies in oxymuriatic acid gas, at

first view, appears a reason why oxygene should be admitted

in it
;
but heat and light are merely results of the intense

agency of combination. Sulphur and metals, alkaline earths

and acids become ignited during their mutual agency ; and

such an effect might be expected in an operation so rapid, as

that of oxymuriatic acid upon metals and inflammable bodies.

It may be said, that a strong argument in favour of the

hypothesis, that oxymuriatic acid consists of an acid basis

united to oxygene, exists in the general analogy of the com-

pounds of oxymuriatic acid and metals, to the common

neutral salts ; but this analogy when strictly investigated, will

be found to be very indistinct, and even allowing it, it may be

applied with as much force to support an opposite doctrine,

namely, that the neutral salts are compounds of bases with

water ; and the metals of bases with hydrogene ;
and that in

the case of the action of oxymuriatic acid and metals, the

metal furnishes hydrogene to form muriatic acid, and a basis

to produce the neutral combination.

That the quantity of hydrogene evolved during the decom-

position of muriatic acid gas by metals, is the same that would

be produced during the decomposition of water by the same

bodies, appears, at first view, an evidence in favour of the

existence of water in muriatic acid gas
;
but as there is only

one known combination of hydrogene with oxymuriatic acid,

I i 2
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one quantity must always be separated. Hydrogene is dis

engaged from its oxymuriatic combination, by a metal, in the

same manner as one metal is disengaged by another, from

similar combinations
;
and of all inflammable bodies that form

compounds of this kind, except perhaps phosphorus and sul-

phur, hydrogene is that which seems to adhere to oxymu-

riatic acid with the least force.

I have caused strong explosions from an electrical jar, to

pass through oxymuriatic gas, by means of points of platina,

for several hours in succession ; but it seemed not to undergo

the slightest change.

I electrized the oxymuriates of phosphorus and sulphur for

some hours, by the power of the Voltaic apparatus of 1000

double plates; no gas separated, but a minute quantity of hy-

drogene, which I am inclined to attribute to the presence of

moisture in the apparatus employed
;
for I once obtained hy-

drogene from Libavius’s liquor by a similar operation ; but I

have ascertained, that this was owing to the decomposition of

water, adhering to the mercury; and in some late experiments

made with 2000 double plates, in which the discharge was

from platina wires, and in which the mercury used for con-

fining the liquor was carefully boiled, there was no production

of any permanent elastic matter.

As there are no experimental evidences of the existence of

oxygene in oxymuriatic acid gas, a natural question arises,

concerning the nature of these compounds, in which the

muriatic acid has been supposed to exist, combined with much

more oxygene than oxymuriatic acid, in the state in which

it has been named by Mr. Chenevix, hyperoxygenized

muriatic acid.
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Can the oxymuriatic acid combine either with oxygene or

hydrogene, and form with each of them an acid compound

;

of which that with hydrogene has the strongest, and that with

oxygene the weakest affinity for bases ? for the able chemist

to whom I have just referred, conceives that hyperoxy-

muriates are decomposed by muriatic acid. Or, is hyperoxv-

muriatic acid the basis of all this class of bodies, the most

simple form of this species of matter ?

The phsenomena of the composition and decomposition of

the hyperoxymuriates, may be explained on either of these

suppositions; but they are mere suppositions unsupported by

experiment.

I have endeavoured to obtain the neutralizing acid, which

has been imagined to be hyperoxygenised, from hyperoxy-

muriate of potash, by various modes, but uniformly without

success. By distilling the salt with dry boracic acid, though

a little oxymuriatic acid is generated, yet oxygene is the chief

gaseous product, and a muriate of potash not decomposable is

produced.

The distillation of the orange coloured fluid, produced by

dissolving hyperoxymuriate of potash in sulphuric acid, affords

only oxygene in great excess, and oxymuriatic acid.

When solutions of muriates, or muriatic acid are electrized

in the Voltaic circuit, oxymuriatic acid is evolved at the

positive surface, and hydrogene at the negative surface.

When a solution of oxymuriatic acid in water is electrized,

oxymuriatic acid and oxygene appear * at the positive surface,

* The quantity of oxymuriatic acid in the aqueous solution, is so small, that the

principal products must be referred to the decomposition of water. This happens in

other instances ; the water only is decomposed in dilute solutions of nitric and sul-

phuric acids.
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and hydrogene at the negative surface, facts which are certainly

unfavourable to the idea of the existence of hyperoxygenised

muriatic acid, whether it be imagined a compound of oxy-

muriatic acid with oxygens, or the basis of oxymuriatic acid.

If the facts respecting the hyperoxymuriate of potash,

indeed, be closely reasoned upon, it must be regarded as

nothing more than as a triple compound of oxymuriatic acid,

potassium, and oxygene. We have no right to assume the

existence of any peculiar acid in it, or of a considerable por-

tion of combined water ; and it is perhaps more conformable

to the analogy of chemistry, to suppose the large quantity of

oxygene combined with the potassium, which we know has an

intense affinity for oxygene, and which from some experi-

ments, I am inclined to believe, is capable of combining directly

with more oxygene than exists in potash, than with the oxy-

muriatic acid, which, as far as is known, has no affinity for

that substance.

It is generally supposed that a mixture of oxymuriatic acid

and hyperoxymuriatic acid is disengaged when hyperoxy-

muriate of potash is decomposed by common muriatic acid ;*

but I am satisfied from several trials, that the gas procured in

this way, when not mixed with oxygene, unites to the same

quantity of hydrogene,-f as common oxymuriatic acid gas

from manganese
;
and I find, by a careful examination, that

the gas disengaged during the solution of platina, in a mixture

9 If hyperoxymuriate of potash be decomposed by nitric or sulphuric acid, it affords

oxymuriatic acid and oxygene. If it be acted upon by muriatic acid, it affords a

large quantity of oxymuriatic acid gas only. In this last case, the phenomenon seems

merely to depend upon the decomposition of the muriatic acid gas, by the oxygene,

loosely combined in the salt.

f This likewise appears from Mr. Cruickshank’s experiments. See Nicholson’s

Journal, Vol. V. 4-to. p. 206.
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of nitric and muriatic acids, which has been regarded as hyper-

oxymuriatic acid, but which I stated some years ago to possess

the properties of oxymuriatic acid gas,* is actually that body,

owing its peculiar colour to a small quantity of nitromuriatic

vapour suspended in it, and from which it is easily freed by

washing.

Few substances, perhaps, have less claim to be considered as

acid, than oxymuriatic acid. As yet we have no right to say

that it has been decompounded
;
and as its tendency of com-

bination is with pure inflammable matters, it may possibly

belong to the same class of bodies as oxygene.

May it not in fact be a peculiar acidifying and dissolving

principle, forming compounds with combustible bodies, ana-

logous to acids containing oxygene, or oxides, in their pro-

perties and powers of combination ; but differing from them,

in being for the most part, decomposable by water ? On this

idea muriatic acid may be considered as having hydrogene

for its basis, and oxymuriatic acid for its acidifying principle.

And the phosphoric sublimate as having phosphorus for its

basis, and oxymuriatic acid for its acidifying matter. And

Libavius's liquor, and the compounds of arsenic with oxymu-

* The platina, 1 find by several experiments, made with great care, has no share

in producing the evolution of this gas. It is formed during the production of aqua

regia. The hydrogene of the muriatic acid attracts oxygene from the nitric acid.

Oxymuriatic acid gas is set free, and nitrous gas remains in the solution, and gives it a

deep red colour. Nitrous acid and muriatic acid produce no oxymuriatic acid gas.

Platina, during its solution in perfectly formed aqua regia, gives only nitrous gas

and nitmus vapour ; and I find, that rather more oxymuriatic acid gas is produced,

by heating together equal quantities of nitric acid of 1.45, and muriatic acia of 1 18,

when they are not in contact with platina, >han when exposed to that metal. The

oxymurictL acid gas, produced from muriatic acid by nitric acid, I find combines with

about an equal volume of hydrogene by detonation.
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riatic acid, may be regarded as analogous bodies. The com-

binations of oxymuriatic acid with lead, silver, mercury,

potassium, and sodium, in this view would be considered as a

class of bodies related more to oxides than acids, in their

powers of attraction.

It is needless to take up the time of this learned Society by

dwelling upon the imperfection of the modern nomenclature

of these substances. It is in many cases connected with false

ideas of their nature and composition, and in a more advanced

state of the enquiry, it will be necessary for the progress of

science, that it should undergo material alterations.

It is extremely probable that there are many combinations of

the oxymuriatic acid with inflammable bodies which have not

been yet investigated. With phosphorus it seems capable of

combining in at least three proportions
;
the phosphuretted

muriatic acid of Gay Lussac and Thenard is the compound

containing the maximum of phosphorus. The chrystalline

phosphoric sublimate, and the liquor formed by the combus-

tion of phosphorus in oxymuriatic acid gas, disengage no

phosphorus by the action of water ;
the sublimate, as I have

already mentioned, affords phosphoric and muriatic acid
; and

the liquid, I believe only phosphorous acid and muriatic acid.

The sublimate from the boracic basis gives, I believe, only

boracic and muriatic acid, and may be regarded as boracium

acidified by oxymuriatic acid.

It is evident, that whenever an oxymuriatic combination

is decomposed by water, the oxide or acid or alkali or oxidated

body formed must be in the same proportion as the muriatic

acid gas, as the oxygene and hydrogene must bear the same

relation to each other ; and experiments upon these com-
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pounds will probably afford simple modes of ascertaining the

proportions of the elements, in the different oxides, acids,

and alkaline* earths.

If, according to the ingenious idea of Mr. Dalton, hydrogene

be considered as 1 in weight, in the proportion it exists in

water, then oxygene will be nearly 7.5 ;
and assuming that

potash is composed of 1 proportion of oxygene, and 1 of

potassium, then potash will be 48, and potassium* about 40.5

;

and from an experiment which I have detailed in the last

Bakerian lecture, on the combustion of potassium in muriatic

acid gas, oxymuriatic acid will be represented by 32.9, and

muriatic acid gas, of course, by 33.9; -and this estimation

agrees with the specific gravity of oxymuriatic acid gas, and

muriatic acid gas. From my experiments, 100 cubical inches

of oxymuriatic acid gas weigh, the reductions being made for

the mean temperature and pressure, 74.5 grains
; whereas by

estimation they should weigh 74.6. Muriatic acid gas I find

weighs, under like circumstances, in the quantity of 100 cubic

inches, 39 grains
;

by estimation it should weigh 38.4

grains.

It is easy from these data, knowing the composition of any

dry muriate, to ascertain the quantity of oxide or of acid it

would furnish by the action of water, and consequently the

quantity of oxygene with which the inflammable matter will

combine.
-f*

* Sup-posing potash to contain nearly 15.6 per cent, of oxygene.

f I 'ave stated in the last Bakerian lecture, that during the decomposition of the

amalgam from ammonia, 1 in volume of hydrogene to 2 of ammonia is evolved : it is

rem .rkable, that whatever theory of the nature of this extraordinary compound be

adopreJ, there will be a happy coincidence as to definite proportions. If it be supposed

that the hydrogene arises from the decomposition of water ; then the oxygene that

MDCCCX. 2 K
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In considering the dry muriates, as compounds of oxy-

muriatic acid and inflammable bodies
;
the argument that I

have used in the last Bakerian lecture, to shew that potassium

does not form hydrate of potash by combustion, is considera-

bly strengthened
;

for from the quantity of oxymuriatic acid

the metal requires to produce a muriate, it seems to be shewn

that it is the simplest known form of the alkaline matter.

This I think approaches to an experimentum crucis. Potash

made by alcohol, and that has been heated to redness, appears

to be an hydrat of potash, whilst the potash formed by the

combustion of potassium must be considered as a pure me-

tallic oxide, which requires about 19 per cent, of water to

convert into a hydrat.

Amongst all the known combustible bodies, charcoal is the

only one which does not combine directly with oxymuriatic

acid gas
;
and yet there is reason for believing that this COin-

must be assumed to exist in ammonia, will be exactly sufficient to neutralize the hy-

drogene, in an equal volume of muriatic acid ; or if it be said that ammonium is a

compound of 2 of ammonia and 1 of hydrogene in volume, then equal volumes of

muriatic acid gas and ammonia will produce the same compound as oxymuriatic

acid and ammonium, supposing they could be immediately combined. I once thought

that the phenomena of metallization might be explained according to a modified

phlogistic theory, by supposing three different classes of metallic bodies : First, The

metal of ammonia, in which hydrogene was so loosely combined as to be separable with

great ease, and which, in consequence of the small affinity of the basis for water, it had

little tendency to combine with oxygene. The second, the metals of the alkalies and

alkaline earths, in which the hydrogene was more firmly combined, but in combustion,

forming water capable of being separated from the basis. And, thirdly, the metals

of the earths and common metals, in which the hydrogene was more intimately com-

bined ;
producing by union with oxygene, water not separable by any new attractions.

The phasnomena of the action of potassium and sodium upon muriatic acid, referred

to in the text, seem however to overturn these speculations so far as they concern the

metals from the fixed alkalies,
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bination may be formed by the intermedium of hydrogene. I

am inclined to consider the oily substance produced by the

action of oxymuriatic acid gas, and olefiant gas, as a ternary

compound of these bodies
;
for they combine nearly in equal

volumes ;
and I find that, by the action of potassium upon the oil

so produced, muriate of potash is formed, and gaseous matter,

which I have not yet been able to collect in sufficient quantity

to decide upon its nature, is formed. Artificial camphor,

and muriatic ether, as is probable from the ingenious experi-

ments of M. Gehlen and M. Thenard, must be combinations

of a similar kind, one probably with more hydrogene, and

the other with more carbon.

One of the greatest problems in oeconomical chemistry, is the

decomposition of the muriates of soda and potash. The solu-

tion of this problem will, perhaps, be facilitated by these new
views. The affinity of potassium and sodium for oxymuriatic

acid, is very strong
;
but so likewise is their attraction for

oxygene, and the affinity of their oxides for water. The

affinities of oxymuriatic acid gas for hydrogene, and of mu-

riatic acid gas for water, are likewise of a powerful kind.

Water, therefore, should be present in all cases, when it is

intended to attempt to produce alkali. It is not difficult after

these views to explain the decomposition of common salt, by

aluminous or silicious substances, which, as it has been long

known, act only when they contain water. In these cases

the sodium may be conceived to combine with the oxygene of

the water and with the earth, to form a vitreous compound

;

and the oxymuriatic acid to unite with the hydrogene of the

water, forming muriatic acid gas.

It is also easy, according to these new ideas, to explain

Kk 2
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the decomposition of salt by moistened litharge, the theory

of which has so much perplexed the most acute chemists.

It may be conceived to be an instance of compound affinity

:

the oxymuriatic acid is attracted by the lead, and the sodium

combines with the oxygene of the litharge and with water

to form hydrat of soda, which gradually attracts carbonic acid

from the air.

As iron has a strong affinity for oxymuriatic acid, I

attempted, to procure soda by passing steam over a mixture

of iron filings, and muriate of soda intensely heated : and in

this way, I succeeded in decomposing some of the salt: hy-

drogene came over ; a little hydrate of soda was formed
; and

muriate of iron was produced.

It does not seem improbable, supposing the views that have

been developed accurate, that by complex affinities, even potas-

sium and sodium in their metallic form, may be procured from

their oxymuriatic combinations : for this purpose the oxymu-

riatic acid should be attracted by one substance, and the

alkaline metals by another ; and such bodies should be selected

for the experiment, as would produce compounds differing

considerably in degree of volatility.

I cannot conclude the subject of the application of these

doctrines, without asking permission to direct the attention of

the Society, to some of the theoretical relations of the facts

noticed in the preceding pages.

That a body principally composed of oxymuriatic acid and

ammonia, two substances which have been generally conceived

incapable of existing together, should be so difficult of de-

composition, as to be scarcely affected by any of the agents

of chemistry, is a phenomenon of a perfectly new kind.
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Three bodies, two of which are permanent gases, and the

other of which is considerably volatile, form in this instance, a

substance neither fusible nor volatile, at a white heat. It could

not have been expected that ammonia would remain fixed at

such a temperature ;
but that it should remain fixed in com-

bination with oxymuriatic acid, would have appeared incre-

dible, according to all the existing analogies of chemistrj^

The experiments on which these conclusions are founded,

are, however, uniform in their results : and it is easy to re-

peat them. They seem to shew, that the common chemical

proposition, that complexity of composition is uniformly con-

nected with facility of decomposition, is not well founded.

The compound of oxymuriatic acid, phosphorus, and am-

monia, resembles an oxide, such as silex, or that of colum-

bium in its general chemical characters, and is as refractory

when treated by common re-agents
; and except by the effects

of combustion, or the agency of fused potash, its nature could

not be detected by any of the usual methods of analysis. Is

it not likely, reasoning from these circumstances, that many

of the substances, now supposed to be elementary, may be

reduced into simpler forms of matter ? And that an intense

attraction, and an equilibrium of attraction, may give to a

compound, containing several constituents, that refractory

character, which is generally attributed to unity of constitution,

or to the homogeneous nature of its pails ?

Besides the compound of the phosphoric sublimate and

ammonia, and the other analogous compounds which have

been referred to, it is probable that other compounds of like

nature may be formed of the oxides, alkalies, and earths,

with the oxymuriatic combinations, or of the oxymuriatic
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compounds with each other ; and should this be the case,

the more refined analogies of chemical philosophy will be

extended by these new, and as it would seem at first view,

contradictory facts. For if, as I have said, oxymuriatic acid

gas be referred to the same class of bodies as oxygene gas,

then, as oxygene is not an acid, but forms acids by combining

with certain inflammable bodies, so oxymuriatic acid, by

uniting to similar substances, may be conceived to form either

acids, which is the case when it combines with hydrogene,

or compounds like acids or oxides, capable of forming neu-

tral combinations, as in the instances of the oxymuriates of

phosphorus and tin.

Like oxygene, oxymuriatic acid is attracted by the positive

surface in Voltaic combinations
;
and on the hypothesis of

the connection of chemical attraction with electrical powers,

all its energies of combination correspond with those of a

body supposed to be negative in a high degree.

And in most of its compounds, except those containing

the alkaline metals, which may be conceived in the highest

degree positive, and the metals with which it forms insoluble

compounds, it seems still to retain its negative character.

I shall occupy the time of the Society for a few minutes

longer only, for the purpose of detailing a few observations

connected with the Bakerian lectures, delivered in the two

last years
;
particularly those parts of them relating to sulphur

and phosphorus, which new and more minute enquiries have

enabled me to correct or extend.

I have already mentioned that there are considerable dif-

ferences in the results of experiments, made on the action of

potassium, on sulphur and phosphorus, and their combinations
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with hydrogens, according to different circumstances of the

process. I shall now refer to such of these circumstances as I

have been able fully to investigate.

The able researches of Dr. Thomson have shewn that sul-

phur, in its usual state, contains small quantities of acid matter

;

and though, in my first experiments, I conceived that by em-

ploying chrystalized native sulphur, which had been recently

sublimed in nitrogene, I should avoid the presence of any

foreign matter, yet I am inclined to believe that this is not the

case
;
for by subliming some similar sulphur in nitrogene, I

find that litmus paper placed in the upper part of the retort is

slightly reddened.

When potassium is made to unite with sulphur, if the retort

employed is not lined with sulphur, some of the potassium is

destroyed by acting upon the glass
;
and when large quan-

tities of sulphur are used, it is very difficult to decompose the

whole of the sulphuret of potassium by an acid : sulphuretted

hydrogene likewise is soluble in muriatic acid
;
and this cir-

cumstance led me to under-rate the quantity of sulphuretted

hydrogene given off in experiments of this kind.*

In acting upon sulphuretted hydrogene by potassium in my
early experiments, I used large quantities of the gas and of

the metal
;
and in these cases I have reason to believe that

the violence of the combustion, occasioned the decomposition

* This circumstance has been pointed out by M. M. G ay Lussac and Thenard;

in a paper printed in the Journal de Physique for December, in which these gentle-

men endeavour to shew that, whether potassium has been acted upon by large or smalL

quantities of sulphur, and under all circumstances, it evolves a quantity of gas exactly

equal to that which it produces by the action of water. I have been able to gain no

results so precise on this subject. I have in another place (the same journal in which*

their memoir has appeared) offered some observations on their enquiries.
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of a considerable quantity of the gas ;
and, in consequence, led

me to form erroneous conclusions concerning the nature of

this curious operation.

In all late experiments in which sulphur, or sulphuretted

hydrogene were concerned, I have used muriatic acid saturated

with sulphuretted hydrogene over mercury. I have employed

sulphur distilled from iron pyrites in vacuo, which did not in

the slightest degree affect litmus paper, and I have combined

it with potassium in retorts of green-glass, or plate-glass lined

with sulphur and filled with very pure nitrogene or hydrogene.

In making potassium act upon sulphuretted hydrogene, I have

employed the gas only in the quantities of from 1 to 3 cubical

inches, and have made the combination in narrow curved

tubes of green glass over dry mercury. With all these pre-

cautions, and after having made a great number of experiments,

I am not able to gain perfectly uniform results. Yet there is a

sufficient correspondence between them to enable me to form

conclusions, which I may venture to say cannot be far from the

truth.

When 1 grain of potassium, which would give by the action

of water about 1 cubical inch and T'g of hydrogene is made

to act upon about half a grain of sulphur, some sulphur

sublimes during the combination, which always takes place

with heat and light, and from T\ to t
t- of a cubical inch of

sulphuretted hydrogene is evolved. The compound acted on

by muriatic acid, saturated with sulphuretted hydrogene,

affords from T
9- to yl of a cubical inch of pure sulphuretted

hydrogene.

When more sulphur is used so as to be from twice to ten

times the weight of the potassium, the quantity of suiphu-
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retted hydrogene evolved by the action of the acid, is from

y
7_ to J- ;

but if heat be applied to the combination, so as to

drive off the superfluous sulphur, the quantity of gas collected

is very little inferior to that produced from the combination

in which a small proportion of sulphur is used ; and I am in-

clined to believe, from the phenomena presented in a great

number of experiments, that sulphur and potassium, when

heated together under common circumstances, combine only

in one proportion, in which the metal is to the sulphur nearly

as 3 to 1 in weight ;
and in which the quantities are such

that the compound burns into neutral sulphate of potash.

When a grain of potassium is made to act upon about 1.1

cubical inches of sulphuretted hydrogene, all the hydrogene

is set free, and a sulphuret of potassium containing one fourth

of sulphur is formed, exactly the same as that produced by

the immediate combination of sulphur and the metal.

When sulphuretted hydrogene is employed in larger quan-

tities, there is an absorption of this gas, and a volume is

taken up about equal to the quantity of hydrogene disengaged,

and a compound of sulphuretted hydrogene and sulphuret of

potash is formed, which gives sulphuretted hydrogene by the

action of an acid, nearly double in quantity to that given by

the sulphuret of potassium.

From a number of experiments I am inclined to believe

that potassium and phosphorus, in whatever quantities they

are heated together, combine only in one proportion, a grain

of potassium requiring about •§ of a grain of phosphorus to

form a phosphuret
; which when acted upon by muriatic acid,

produces from to of a cubical inch of phosphuretted

hydrogene.

MDCCCX. L 1
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Half a grain of potassium decomposes nearly three cubical

inches of phosphuretted hydrogene, and sets free rather more

than four cubical inches of hydrogene
;
and the phosphuret

formed seems to be of the same kind as that produced by

direct combination of the metal with phosphorus.

If, according to Mr. Dalton’s ideas of proportion, the

quantity in which sulphur enters into its combinations were

to be deduced from its union with potassium, in which it seems

to form about ^ the weight of the compound, the number

representing it would be 13.5. I have lately weighed sulphu-

retted hydrogene, and sulphureous acid gas, with great care :

the specific gravity of the first at mean temperature and

pressure, from my experiments, is 10645, which differs very

little from the estimation of Mr. Kirwan : that of sulphureous

acid gas I find is 20967. Sulphuretted hydrogene, as I have

shown, contains an equal volume of hydrogene ; and on this

datum the number representing sulphur is 13.4. I have never

been able to burn sulphur in oxygene without forming sul-

phuric acid in small quantities
;
but in several experiments I

have obtained from 92 to 98 parts of sulphureous acid from

100 of oxygene in volume ; from which I am inclined to

believe, that sulphureous acid consists of sulphur dissolved in

an equal volume of oxygene ;
which would give the number

as 13.7* nearly, considering the acid gas as containing 1 pro-

* The estimation from the composition of sulphuretted hydrogene, must be consi-

dered as most accurate, and that from the formation of the sulphuret of potassium as

least accurate : for it was only by combining sulphur and potassium in small pro-

portions, and ascertaining in what cases uncombined sulphur could be distilled from

the compound, that I gained my conclusions concerning the composition of the sul-

phuret of potassium.

In the last Bakerian lecture, I have estimated the specific gravity of sulphuretted
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portion of sulphur, and 2 of oxygene ; and these estimations

do not differ from each other materially.

I have made several experiments on the combustion of

phosphorus in oxygene gas. From the most accurate, I am

inclined to conclude that 25 of phosphorus absorb in combus-

tion about 34, of oxygene in weight
;
and considering phos-

phoric acid as composed of 3 proportions of oxygene and 1 of

phosphorus, the number representing phosphorus will be

about 16.5, which is not very remote from the number that

may be deduced from the composition of phosphoret of

potassium.

The numbers which represent the proportions in which

sulphur and phosphorus unite with other bodies, are such, as

do not exclude the existence of combined portions of oxygene

and hydrogene in their constitution
; but it may be questioned,

whether the opinion which I formed, that the inflammable

gas disengaged from them by electricity, is necessary to the

peculiar form in which these bodies exist, is not erroneous.

Phosphorus, as I have stated in the last Bakerian lecture, is

capable of forming a solid hydruret : and a part of the sulphur

distilled from iron pyrites, is usually of a soft consistence, and

emits the smell of sulphuretted hydrogene, and probably con-

tains that body. It is not unlikely, that in all cases, phosphorus

and sulphur contain small quantities of the hydrurets of phos-

phorus and sulphur ; and the production of a minute portion

of sulphuric acid in the slow combustion of sulphur, is pro-

hydrogene at 35 grains, the 100 cubical inches, which was not far from the mean,

between the estimations of Mr. Kir wan and Mr. Thenard, According to this

last experiment, sulphuretted hydrogene is composed of 1 proportion of hydrogene,

represented by 1, and 1 of sulphur represented by 13.4.

LI 3
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bably connected with the production of water. Though the

pure oxides of sulphur and phosphorus have never been

obtained, yet from the doctrine of definite proportions, these

bodies ought, under certain circumstances, to be formed.

And I am inclined to believe, that they sometimes exist in

minute quantities, in common phosphorus and sulphur, and

with hydrogene, give to them their variable properties.

The colours of different specimens of phosphorus, as well as

of sulphur, differ considerably ;
the red colour of phosphorus

as it is commonly prepared, is probably owing to a slight

mixture of oxide. Common roll sulphur is of a very pale

yellow, the Sicilian sulphur of an orange colour, and the sul-

phur distilled from iron pyrites in vacuo, which arose in the

last period of the process, of a pale yellowish green colour.

All the late experiments that I have made, as well as my
former researches, induce me to suspect a notable proportion

of oxygene in Sicilian sulphur, which is probably owing to

the presence of oxide of sulphur, which may give rise to sul-

phuric acid in distillation, or to sulphuric acid itself.

Conceiving that if definite proportions of oxygene and hy-

drogene existed in sulphur and phosphorus, they ought to be

manifested in the agency of oxymuriatic acid gas, on these

bodies, I made some experiments on the results of these

operations. In the first trial, on the combination of sulphur

with oxymuriatic acid gas, I employed 5 grains of roll sulphur,

and admitted the gas into the exhausted retort, from a vessel

in which it had been in contact with warm water : in this

case more than a half a cubical inch of oxygene gas, and

nearly two cubical inches of muriatic acid gas, were produced.

•Suspecting in this instance, that aqueous vapour had been
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decomposed,! employed cold water in the next experiment, and

dried the gas by muriate of lime
;

in this case, though Sicilian

sulphur was used, no oxygene gas was evolved ; and not a half

a cubical inch of muriatic acid; the quantity was the same as in

the last experiment ; and it was found, that between 16 and 1

7

cubical inches of oxymuriatic acid gas disappeared
; the whole

of the sulphur was sublimed in the gas, and the liquor formed,

was of a tawney orange colour.

No oxygene was expelled during the combustion of phos-

phorus in oxymuriatic acid gas, nor could I ascertain that any

muriatic acid had been formed
; 3 grains of phosphorus were

entirely converted into sublimate, by the absorption of about

23 cubical inches and a half of the gas.

It would seem from these quantities, that the sulphuretted

liquor formed by subliming sulphur in oxymuriatic acid gas,

consists cf 1 proportion of sulphur, represented by 33.5, and

1 of oxymuriatic gas represented by 32 9, and that the phos-

phoric sublimate must be composed of 3 portions of oxymu-

riatic gas, represented by 38.7, and 1 ofphosphorus represented

by 1 6.5
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XV. Observations upon Luminous Animals. By J. Macartney,

Esq. Communicated by Everard Home, Esq. F.R.S.

Read May 17th, 1810.

The property which certain animals possess of emitting light,

is so curious and interesting, that it has attracted the attention

of naturalists in all ages. It was particularly noticed by

Aristotle and Pliny amongst the ancients, and the publica-

tions of the different learned societies in Europe, contain

numerous memoirs upon the subject. Notwithstanding the

degree of regard bestowed upon the history of luminous

animals, it is still very imperfect ; the power of producing

light appears to have been attributed to several creatures

which do not possess it ; some species which enjoy it in an

eminent degree, have been imperfectly described or entirely

unobserved; the organs which afford the light in certain

animals have not been examined by dissection ;
and lastly, the

explanations that have been given of the phenomena of

animal light, are unsatisfactory, and in some instances pal-

pably erroneous.

As this subject forms an interesting part of the history of

organized beings. I have for some years availed myself of such

opportunities as occurred for its investigation. Having com-

municated the result of some of my researches to the Right

Honourable Sir Joseph Banks, he immediately offered me his
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assistance with that liberality, which so eminently distinguishes

him as a real lover of science. I am indebted to him for an

inspection of the valuable journal he kept during his voyage

with Captain Cook
; for permission to copy the original draw-

ings in his possession, of those luminous animals discovered

in both the voyages of Cook ;
and for some notes upon the

luminous appearance of the sea, that were presented to him by

Captain Horsburg, whose accuracy of observation is already

known to this learned Society.

In the following paper, I shall first examine the grounds

on v/hich the property of shewing light has been ascribed to

certain animals, that either do not possess it, or in which its

existence is questionable. I shall next give an account of some

luminous species, of which some have been inaccurately

described, and others quite unknown. I shall endeavour to

explain from my own observations, and the information com-

municated to me by others, many of the circumstances attend-

ing the luminous appearance of the sea. I shall then describe

the organs employed for the production of light in certain

species
; and, lastly, I shall review the opionions which have

been entertained respecting the nature and origin of animal

light, and relate the experiments I have made for the purpose

of elucidating this part of the subject.

The property of emitting light has been reported to belong

to several fishes, more particularly the mackarel, the moon-

fish (tetraodon mola,) the dorado, mullet, sprat, &c.

Mr. Bajon observed during the migration of the dorados,

&c, that their bodies were covered with luminous points.

These however proved upon examination to be minute sphe-

rical particles that adnered to the surface of these fishes ;
and,
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lie adds, appeared to be precisely the same sort of points that

illuminated the whole of the sea at t3ie time. They were

therefore in all probability the minute kind of medusa, which

I shall have occasion to describe hereafter.

Godei-ieu de Riville states, in a paper sent to the Academy

of Sciences at Paris, that on opening the scomber pelamis

while alive, he found in different parts of its body an oil which

gave out much light : but it should be observed, that Riville

had a particular theory to support, for which this fact was

very convenient, and that other parts of his memoir bear

marks of inaccuracy. It may be added, that if the oil of fishes

were usually luminous, which Riville supposed, it would be

almost universally known, instead of resting on a solitary

observation.

As far as I am able to determine from what I have seen,

the faculty of exhibiting light during life does not belong to

the class of fishes. It appears probable, that some fishes may

have acquired the character of being luminous, from evolving

light soon after death.

Some species of lepas, murex, and chama, and some star-

fish have been said to possess the power of shining
;
and the

assertion has been repeated by one writer after another, but

without quoting any authority.

Brugueire upon one occasion saw, as he supposed, com-

mon earth worms in a luminous state
; all the hedges were

filled with them ; he remarked that the light resided princi-

pally in the posterior part of the body.*

Flaugergues pretended to have seen earth worms luminous

In three instances ;
it was at each time in October

; the body

* Journal d’Histoire Naturelle, Tom. II.
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shone at every part, but most brilliantly at the genital

organs.*

Notwithstanding this concurrence of testimony, it is next

to impossible, that animals so frequently before our eyes as

the common earth worm, should be endowed with so re-

markable a property, without every person having observed

it. If they only enjoyed it during the season for copulation,

still it could not have escaped notice, as these creatures are

usually found joined together in the most frequented paths,

and in garden walks.

In different systems of natural history, the property of

shining is attributed to the cancer pulex. The authorities for

this opinion are Hablitzl, and Thules and Bernard. The

former observed upon one occasion, a cable that was drawn

up from the sea exhibit light, which upon closer inspection

was perceived to be covered by these insects.-f Thules and

Bernard reported that they met with a number of this

species of cancer on the borders of a river, entirely luminous.J

I am nevertheless disposed to question the luminous property

of the cancer pulex, as I have often had the animal in my
possession, and never perceived it emit any light.

The account given by Linneus of the scolopendra phos-

phorea, is so improbable and inconsistent, that one might be

led to doubt this insect's existence, particularly as it does not

appear to have been ever seen, except by Ekeberg, the

Captain of an East Indiaman, from whom Linneus learnt its

history.

* journal de Physique, Tome XVI.

f Hablitzl ap. Pall. n. Nord. Beytr. 4, p. 356.

t Journal de Physique, Tome XXVIIIo
. ;
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I now proceed to the description of those luminous animals

that have been discovered by the Right Honourable Sir Joseph

Banks, Captain Horsburg, and myself.

On the passage from Madeira to Rio de Janeiro, the sea

was observed by Sir Joseph Banks to be unusually luminous,

flashing in many parts like lightning. He directed some of

the water to be hauled up, in which he discovered two kinds

of animals that occasioned the phenomenon ; the one, a crus-

taceous insect which he called the cancer fulgens
;
the other,

a large species of medusa, to which he gave the name of

pellucens.

The cancer fulgens bears some resemblance to the common

shrimp
;

it is howe'ver considerably less, the legs are furnished

with numerous setae. The light of this animal, which is very

brilliant, appears to issue from every part of the body.

The medusa pellucens measures about six inches across the

crown or umbella
;

this part is marked by a number of opake

lines, that pass off from the center to the circumference. The

edge of the umbella is divided into lobules, which succeed

each other, one large and two small ones alternately. From

within the margin of the umbella, there are suspended a

number of long cord-shaped tentacula. The central part of

the animal is opake, and furnished with four thick irregularly

shaped processes, which hang down in the midst of the

tentacula.

This zoophyte is the most splendid of the luminous inha-

bitants of the ocean. The flashes of light emitted during its

contractions, are so vivid as to affect the sight of the spectator.

In the notes communicated to Sir Joseph Banks by Cap-

tain Horsburg, hekremarks that the luminous state of the sea
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between the tropics, is generally accompanied with the ap-

pearance of a great number of marine animals of various

kinds upon the surface of the water : to many of which he

does not, however, attribute the property of shining. At other

times, when the water which gave out light was examined,

it appeared only to contain small particles of a dusky straw

colour, which dissolved with the slightest touch of the finger.

He likewise observes, that in Bombay, during the hot weather

of May and June, he has frequently seen the edges of the

sea much illuminated by minute sparkling points.

At sun rise on April 12, 179S, in the Arabian sea, he per-

ceived several luminous spots in the water, which conceiving

to be animals, he went in the boat and caught one. It proved

to be an insect somewhat resembling in appearance the wood

louse, and was about one third of an inch in length. When
viewed with the microscope, it seemed to be formed by sec-

tions of a thin crustaceous substance. During the time that

any fluid remained in the animal, it shone brilliantly like the

fire fly.

In the month of June in the same year, he picked up

another luminous insect on a sandy beach, which was also

covered with a thin shell, but it was a different shape, and

a larger size than the animal taken in the Arabian sea.

By comparing the above description with an elegant pen

and ink drawing which was made by Captain Horsburg, and

accompanied his paper, I have no doubt that both these insects

were monoculi
; the first evidently belongs to the genus

limulus of Muller
; I shall therefore beg leave to distinguish

it by the name of limulus noctilucus.

My pursuits, and the state of my health, haring frequently

M m 2



s6‘4, Mr. Macartney’s Observations

led me to the coast, I have had many opportunities of making

observations upon the animals which illuminate our own seas.

Of these I have discovered three species : one of which is a

beroe not hitherto described by authors
; another agrees so

nearly with the medusa hemispherica, that I conceive it to be

the same, or at least a variety of that species
;
the third is a

minute species of medusa, which I believe to be the luminous

animal, so frequently seen by navigators, although it has

never been distinctly examined or described.

I first met with these animals in the month of October 1804,

at Herne Bay, a small watering place upon the northern coast

of Kent. Having observed the sea to be extremely luminous

for several nights, I had a considerable quantity of the water

taken up. When perfectly at rest, no light was emitted, but

on the slightest agitation of the vessel in which the water was

contained, a brilliant scintillation was perceived, particularly

towards the surface; and when the vessel was suddenly struck,

a flash of light issued from the top of the water, in consequence

of so many points shining at the same moment. When any

of these sparkling points were removed from the water, they

no longer yielded any light. They were so transparent, that

in the air they appeared like globules of water. They were

more minute than the head of the smallest pin. Upon the

slightest touch, they broke and vanished from the sight.

Having strained a quantity of the luminous water, a great

number of these transparent corpuscles were obtained upon

the cloth, and the water which had been strained, did not

afterwards exhibit the least light. I then put some sea water

that had been rendered particularly clear, by repeated Ultra-

tions, into a large glass, and having floated in it a fine cloth*
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on which I had previously collected a number of luminous

points, several of them were liberated, and became distinctly

visible in their natural element, by placing the glass before a

piece of dark coloured paper. They were observed to have a

tendency to come to the surface of the w7 ater, and after the

glass was set by for some time, they were found congregated

together, and when thus collected in a body, they had a dusky

straw colour, although individually they were so transparent,

as to be perfectly invisible, except under particular circum-

stances. Their substance was indeed so extremely tender

and delicate, that they did not become opaque in distilled

vinegar or alcohol, until immersed in these liquors for a con-

siderable time.

On examining these minute globules with the microscope,

I found that they were not quite perfect spheres, but had an irre-

gular depression on one side, which was formed of an opaque

substance, that projected a little way inwards, producing such

an appearance as would arise from tying the neck of a round

bag, and turning it into the body.

The motions of these creatures in the water were slow and

graceful, and not accompanied by any visible contraction of

their bodies. After death they always subsided to the bottom

of the vessel.

From the sparkling light afforded by this species, I shall

distinguish it by the name of medusa scintillans.

The night following that, on which I discovered the pre-

ceding animal, I caught the two other luminous species. One

of these I shall call the beroe fulgens.

This most elegant creature is of a colour changing between

purple, violet, and pale blue
; the body is truncated before.
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and pointed behind
;
but the form is difficult to assign, as it

is varied by partial contractions, at the animal's pleasure. I

have represented the two extremes of form that I have seen

this creature assume : the first is somewhat that of a cucumber,

which as being the one it takes when at rest, should perhaps

be considered as its proper shape : the other resembles a

pear, and is the figure it has in the most contracted state.

The body is hollow, or forms internally an infundibular

cavity, which has a wide opening before, and appears also to

have a small aperture, posteriorly through which it discharges

its excrement. The posterior two-thirds of the body are

ornamented with eight longitudinal ciliated ribs, the processes

of which are kept in such a rapid rotatory motion, while the

animal is swimming, that they appear like the continual

passage of a fluid along the ribs. The ciliated ribs have

been described by Professor Mitchell, as arteries, in a lumi-

nous beroe, which I suspect was no other than the species I

am now giving an account of.

When the beroe fulgens swam gently near the surface of

the water, its whole body became occasionally illuminated in

a slight degree ;
during its contractions, a stronger light

issued from the ribs, and when a sudden shock was commu-

nicated to the water, in which several of these animals v ere

placed, a vivid flash was thrown out. If the body were broken,

the fragments continued luminous for some seconds, and

being rubbed on the hand, left a light like that of phosphorus

:

this however, as well as every other mode of emitting light,

ceased after the death of the animal.

The hemispherical species that I discovered, had a very

faint purple colour. The largest that I found, measured about
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three quarters of an inch in diameter. The margin of the

umbella was undivided, and surrounded internally by a row

of pale brown spots, and numerous small twisted tentacula

:

four opaque lines crossed in an arched manner from the cir-

cumference, towards the center of the animal : an opaque

irregular shaped process hung down from the middle of the

umbella : when this part was examined with a lens of high

powers, I discovered that it was inclosed in a sheath in which

it moved, and that the extremity of the process was divided

into four tentacula, covered with little cups or suckers, like

those on the tentacula of the cuttle fish.

This species of medusa bears a striking resemblance to the

figures of the medusa hemispherica, published by Gronovius

and Muller ; indeed it differs as little from these figures, as

they do from each other. Its luminous property, however,

was not observed by these naturalists, which is the more

extraordinary, as Muller examined it at night, and says it is

so transparent, that it can only be seen with the light of a

lamp. If it should be still considered as a distinct species, or

as a variety of the hemispherica, I would propose to call it

the medusa lucida,

In this species, the central part and the spot round the

margin, are commonly seen to shine on lifting the animal

out of the water into the air, presenting the appearance of an

illuminated wheel, and when it is exposed to the usual per-

cussion of the water, the transparent parts of its body are

alone luminous.

In the month of September 1805, I again visited Herne

Bay, and frequently had opportunities of witnessing the

luminous appearance of the sea. I caught many of the hemi-
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spherical and minute species of medusa, but not one of the

beroe fulgens. I observed that these luminous animals always

retreated from the surface of the water, as soon as the moon

rose. I found also, that exposure to the day light took away

their property of shining, which was revived by placing them

for some time in a dark situation.

In that season I had two opportunities of seeing an ex-

tended illumination of the sea, produced by the above animals.

The first night I saw this singular phenomenon, was ex-

tremely dark, many of the medusa scintillans, and medusa

hemispherica had been observed at low water, but on the

return of the tide, they had suddenly disappeared. On look-

ing towards the sea, I was astonished to perceive a flash of

light of about six yards broad, extend from the shore, for

apparently the distance of a mile and a half along the surface

of the water. The second time that I saw this sort of light

proceed from the sea, it did not take the same form, but was

diffused over the surface of the waves next the shore, and was

so strong, that I could for the moment distinctly see my ser-

vant, who stood at a little distance from me
;
he also perceived

it, and called out to me at the same instant. On both these

occasions the flash was visible for about four or five seconds,

and although I watched for it a considerable time, I did not

see it repeated.

A diffused luminous appearance of the sea, in some respects

different from what I have seen, has been described by several

navigators.

Godeheu de Riville saw the sea assume the appearance

a plain of snow on the coast of Malabar.*

* Mem. Etrang. de 1’ Acad, des Sc. Tom. 3 .



upon Luminous Animals . 2%

Captain Horsburgh, in the notes he gave to Sir Joseph

Banks, says, there is a peculiar phenomenon sometimes seen

within a few degrees distance of the coast of Malabar, during

the rainy monsoon, which he had an opportunity of observing.

At midnight the weather was cloudy, and the sea was par-

ticularly dark, when suddenly it changed to a white flaming

colour all around. This bore no resemblance to the sparkling

or glowing appearance he had observed on other occasions

in seas near the equator, but was a regular white colour, like

milk, and did not continue more than ten minutes. A similar

phenomenon, he says, is frequently seen in the Banda sea,

and is very alarming to those who have never perceived or

heard of such an appearance before.

This singular phenomenon appears to be explained by

some observations communicated to me by Mr. Langstaff,

a surgeon in the city, who formerly made several voyages.

In going from New Holland to China, about half an hour after

sunset, every person on board was astonished by a milky

appearance of the sea : the ship seemed to be surrounded by-

ice covered with snow. Some of the company supposed they

were in soundings, and that coral bottom gave this curious

reflection, but on sounding with 70 fathoms of line no bottom

was met with. A bucket of water being hauled up, Mr.

Langstaff examined it in the dark, and discovered a great

number of globular bodies, each about the size of a pins head,

linked together. The chains thus formed did not exceed

three inches in length, and emitted a pale phosphoric light.

By introducing his hand into the water, Mr. Langstaff

raised upon it several chains of the luminous globules, which

were separated by opening the fingers, but readily re-united

MDCCCX. N U
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on being brought again into contact, like globules of quick-

silver. The globules, he says, were so transparent, that they

could not be perceived when the hand was taken into the

light.

This extraordinary appearance of the sea was visible for

two nights. As soon as the moon exerted her influence, the

sea changed to its natural dark colour, and exhibited distinct

glittering points, as at other times. The phenomenon, lie

says, had never been witnessed before by any of the com-

pany on board, although some of the crew had been two or

three times round the globe.

I consider this account of Mr. Langstaff very interesting

and important, as it proves that the diffused light of the sea

is produced by an assemblage of minute medusae on the

surface of the water.

In June 1806 ,

1

found the sea at Margate more richly stored

with the small luminous medusae, than I have ever seen it.

A bucket of the water being set by for some time, the

animals sought the surface, and kept up a continual sparkling,

which must have been occasioned by the motions of indi-

viduals, as the water was perfectly at rest. A small quantity

of the luminous water was put into a glass jar, and on stand-

ing some time, the medusae collected at the top of the jar,

and formed a gelatinous mass, one inch and a half thick, and

of a reddish or mud colour, leaving the water underneath

perfectly clear.

In order to ascertain if these animals would materially alter

their size, or assume the figure of any other known species

of medusa, I kept them alive for 25 days, by carefully changing

the water in which they were placed
;
during which time.
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although they appeared as vigorous as when first taken, their

form was not in the slightest degree altered, and their size

but little increased. By this experiment I was confirmed in

the opinion of their being a distinct species, as the young

actiniae and medusae exhibit the form of the parent in a much

shorter period than the above.

In September 1806 ,

1

took at Sandgate a number of the

beroe fulgens, but no other species : they were of various

dimensions, from the full size down to that of the medusa

scintillans : they could however be clearly distinguished from

the latter species, by their figure.

Since that time, I have frequently met with the medusa

scintillans on different parts of the coast of Sussex, at Tenby,

and at Milford haven. I have likewise seen this species in the

bays of Dublin and Carlingford in Ireland.

In the month of April, last year, I caught a number of the

beroe fulgens in the sea at Hastings; they were of various

sizes, from about, the half of an inch in length, to the bulk of

the head of a large pin. I found many of them adhering

together in the sea ; some of the larger sort were covered

with small ones, which fell off when the animals were

handled, and by a person unaccustomed to observe these

creatures, would have been taken for a phosphoric substance.

On putting a number of them into a glass, containing clear sea

water, they still shewed a disposition to congregate upon the

surface. I observed that when they adhered together, they

shewed no contractile motion in any part of their body, which

explains the cause of the pale or white colour of the diffused

light of the ocean. The flashes of light which I saw come

from the sea at Herne bay, were probably produced by a

Nng
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sudden and general effort of the medusa* to separate from

each other, and descend in the water.

The medusa scintillans almost constantly exists in the

different branches of Milford haven that are called pills. I

have sometimes found these animals collected in such vast

numbers in those situations, that they bore a considerable

proportion to the volume of the water in which they were

contained : thus, from a gallon of sea water in a luminous

state, I have strained above a pint of these medusae. I have

found the sea under such circumstances to yield me more

support in swimming, and the water to taste more disagreeably

than usual
;
probably the difference of density, that has been

remarked at different times in the water of the sea, may be

referred to this cause.

All my own observations lead me to conclude, that the

medusa scintillans, is the most frequent source of the light

of the sea around this country, and by comparing the accounts

of others with each other, and with what 1 have myself seen,

1 am persuaded that it is so likewise in other parts of the world.

Many observers appear to have mistaken this species for the

nereis noctiluca, which was very natural, as they were pre-

possessed with the idea of the frequent existence of the one,

and had no knowledge of the other. Some navigators have

actually described this species of medusa, without being aware

of its nature. Mr. Bajon, during his voyage from France to

Cayenne, collected many luminous points in the sea, which

he says, when examined by a lens, were found to be minute

spheres. They disappeared in the air. Doctor Le Roy, in sail-

ing from Naples to France, observed the sparkling appearance

of the sea, which is usually produced by the medusa seintillansv
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By filtering the water, he separated luminous particles front

it, which he preserved in spirits of wine : they were, he says,

like the head of a pin, and did not at all resemble the nereis

noctiluca, described by Vianelli ; their colour approached

a yellow brown, and their substance was extremely tender,

and fragile. Notwithstanding this striking resemblance to

the medusa scintillans, Le Roy, in consequence of a precon-

ceived theory, did not suppose what he saw, were animals,

but particles of an oily or bituminous nature.*

The minute globules seen by Mr. Langstaff in the Indian

ocean, were I think, in all probability, the scintillating species

of medusa
;
and on my shewing him some of these animals I

have preserved in spirits, he entertained the same opinion.

Professor Mitchell, of New York, found the luminous

appearance on the coast of America, to be occasioned by

minute animals, that from his description, plainly belonged

to this species of medusa, notwithstanding which, he supposed

them to be a number of the nereis noctiluca.-f-

The luminous animalcule, discovered by Forster off the

Cape of Good Hope, in his voyage round the world, bears so

strong a resemblance to the medusa scintillans, that 1 am

much disposed to believe them the same. He describes his

animalcule as being a little gelatinous globule, less than the

head of a pin
;
transparent, but a little brownish in its colour %

and of so soft a texture, that it was destroyed by the slightest

touch. On being highly magnified, he perceived on one side a-

depression, in which there was a tube that passed into the

* Qhserv. sur un lumiere produite par L’Eau de la mer, Mem. Etrang, des. Sc,

f Phil. Mag. Vol. X, p. 20.



$74 Mr. Macartney's Observations

body, and communicated with four or five intestinal sacs.

The pencil drawings he made on the spot, are in the

possession of Sir Joseph Banks, by whose permission,

engravings from them are subjoined to this paper. By com-

paring these with the representations of the medusa scin-

tiilans, and some of this species rendered visible, by being a

long time preserved in spirits, which 1 have laid before this

learned Society, it will be found, that the only difference

between Forster’s animalcule, and the medusa scintillans, is

in the appearance of the opaque parts, shewn in the micro-

scopic views.

Many writers have ascribed the light of the sea to other

causes than luminous animals. Martin supposed it to be

occasioned by putrefaction : Silberschlag believed it to be

phosphoric: Professor J. Mayer conjectured, that the surface

of the sea imbibed light, which it afterwards discharged.

Bajon and Gen til thought the light of the sea was electric,

because it was excited by friction. Forster conceived that it

was sometimes electric, sometimes caused from putrefaction,

and at others by the presence of living animals. Fougeroux

de Bondaroy believed that it came sometimes from electric

fires, but more frequently from the putrefaction of marine

animals and plants.

I shall not trespass on the time of the Society, to refute the

above speculations
;

their authors have left them unsupported

by either arguments or experiments, and they are inconsistent

with all ascertained facts upon this subject.

The remarkable property of emittinglight during life, is only

met with amongst animals of the four last classes of modern

naturalists, viz. mollusca, insects, worms, and zoophytes.
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The mollusca and worms contain each but a single lumi-

nous species ; the pholas dactylus in the one, and the nereis

noctiluca in the other.

Some species yield light, in the eight following genera of

insects ;
elater, lampyris

,
fulgora, pausus

,
scolopendra

,
cancer

,

lynceus,* and limulus. The luminous species of the genera

lampyris, and fulgora, are more numerous than is generally

supposed, if we may judge from the appearance of luminous

organs, to be seen in dried specimens.

Amongst zoophytes we find that the genera medusa, beroe,^

and pennatula, contain species which afford light.

The only animals which appear to possess a distinct organ-

ization for the production of light, are the luminous species of

lampyris, elater, fulgora, and pausus.

The light of -the lampyrides is known to proceed from

some of the last rings of the abdomen, which when not illu-

minated, are of a pale yellow colour. Upon the internal

surface of these rings, there is spread a layer of a peculiar

soft yellow substance, which has been compared to paste, but

by examination with a lens, I found it to be organized like

the common interstitial substance of the insect's body, except

that it is of a closer texture, and a paler yellow colour. This

substance does not entirely cover the inner surface of the

rings, being more or less deficient along their edges, where

it presents an irregular waving outline. I have observed in

the glow worm, that it is absorbed, and its place supplied by

*'The animal discovered by Riville off the coast of Malabar in 1754, is certainly

a testaceous insect, and appears to belong to the genus lynceus of Muller.

f The luminous zoophyte for which Peron has lately instituted the new genus

pyrosoma, appears to me to be a beroe, and only worthy of a specific distinction.
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common interstitial substance, after the season for giving light

is past.

The segments of the abdomen, behind which this peculiar

substance is situated, are thin and transparent, in order to

expose the internal illumination.

The number of luminous rings varies in different species of

lampyris, and as it would seem at different periods in the

same individual.

Besides the luminous substance above described, I have

discovered in the common glow worm, on the inner side of

the last abdominal ring, two bodies, which to the naked eye

appear more minute than the head of the smallest pin. They

are lodged in two slight depressions, formed in the shell of

the ring, which is at these points particularly transparent. On
examining these bodies under the microscope, I found that

they were sacs containing a soft yellow substance, of a more

close and homogeneous texture, than that which lines the

inner surface of the rings. The membrane forming the sacs,

appeared to be of two layers, each of which is composed by a

transparent silvery fibre, in the same manner as the internal

membrane of the respiratory tubes of insects, except that in

this case, the fibre passes in a spiral, instead of a circular di-

rection. This membrane, although so delicately constructed,

is so elastic as to preserve its form, after the sac is ruptured,

and the contents discharged.

The light that proceeds from these sacs, is less under the con-

troul of the insect, than that of the luminous substance spread

on the rings : it is rarely ever entirely extinguished in the season

that the glow worm gives light, even during the day ;
and when

all the other rings are dark, these sacs often shine brightly.
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The circumstance of there being points, which give a more

permanent light than the other parts of the luminous rings of

the abdomen, lias been noticed before by the Comte G. de

Eazoumouski. He states the number of these luminous points

to vary from 2 to 5.*

I must however remark, that I never saw more than two of

these luminous points, which were always upon the last ring

of the body, and that the figures which accompany the me-

moir of the Comte de Razoumouski, bear scarcely any

resemblance to the insect they are intended to represent, from

which we may fairly suspect him of inaccuracy in other

particulars.

As far as my observation has extended, the small sacs of

luminous substances are not found in any species of lampyris,

except the glow worm of this country. Thunburg mentions

that the lampyris japonica has two vesicles on the tail, which

afiord light.

The organs for the production of light in the genus elater,

are situated in the corcelet; these likewise consist of a peculiar

yellow substance, placed behind transparent parts of the shell,

which suffer the natural colour of this substance to be seen

through them in the day, and when illuminated, give passage

to the light.

On dissecting the organs of light in the elater noctilucus, I

found that.there is a soft yellow substance, of an oval figure,

lodged in the concavity of the yellow spots of the corcelet,

which parts are particularly thin and transparent in this

species. This substance is so remarkably close in its structure,

that at first view it appears like an inorganic mass, but with

* Mem. de la Soc. de Lausanne, Tom. ii.

O oMDCCCX.
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a lens, it is readily perceived to be composed of a great

number of very minute parts or lobules closely pressed

together. Around these oval masses, the interstitial sub-

stance of the corcelet is arranged in a radiated manner, and

the portion of the shell that immediately covers the irradiated

substance, is in a certain degree transparent, but less so than

that which lies over the oval masses, it is therefore probable,

that the interstitial substance in this situation, may be endowed

with the property of shining. A fasciculus of the muscles of

the corcelet arises in the interior of the oval masses of the

luminous substance, but not apparently with any design, as it

contributes, with the adjacent fasciculi, to move the anterior

feet.

In the elater ignitus, the masses of luminous substance are

extremely irregular in their figure : they are situated nearly

at the posterior angles of the corcelet, and are more loose in

their texture than the oval masses of the noctilucus, re-

sembling rather in composition, the interstitial substance

which surrounds these masses in that species. The shell of

the corcelet is somewhat thinner, and more transparent along

both sides of the margin, than at other places, but it is not, as

in the noctilucus, elevated, and peculiarly clear and thin im-

mediately, over the seat of the luminous organ
;
consequently,

the light emitted by the elater ignitus, cannot be very brilliant.

I have not been able to procure any specimen of the elater

phosphorea, but from the accounts of naturalists, it appears to

resemble in every respect the elater noctilucus
; indeed I

have great doubts of the phosphorea being a distinct species.

I have had an opportunity of examining, preserved in a

moist way, two species of fulgora, the Candelaria and lanter-
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naria. The light in this genus has been observed to issue

from the remarkable proboscis on the fore part of the head.

This part has always been described by authors, as hollow or

empty, which I have found to be perfectly correct ; and what

is more extraordinary, that the cavity communicates freely

with the external air, by means of a chink or narrow aperture,

placed on each side of the root of the proboscis. This pro-

jection is covered internally by a membrane, between which

and the horny part or shell, there appears to be interposed a

pale reddish coloured soft substance, that is arranged in the

candelaria in broad lines or stripes
;
but it is so thin, that I

could not distinctly examine its structure, or absolutely deter-

mine, whether it should be considered as a substance intended

to furnish the light of these insects, or the pigment upon

which the colour of the proboscis depends.

The globes of the antennae constitute the organs of light

in the pausus spherocerus. Dr. Afzelius, who discovered the

luminous property in this species, compares them to lanterns

spreading a dim phosphoric light.* The rarity of the insect

put it out of my power to examine its structure, but from the

form and situation of its organs of light, it is most probable

they are constructed like those of the fulgorae.

It has been conjectured by Carradori and others, that the

lampyrides were enabled to moderate or extinguish their light,

by retracting the luminous substance under a membrane ; but

neither in them, or any of the other luminous insects, have I

found an apparatus of this sort. The substance furnishing the

light, is uniformly applied to corresponding transparent parts

of the shell of the insect from whence it is not moved; indeed a

* Lin. Trans. Vol. IV.
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membrane, if it did exist, would have but little effect in

obscuring the light, and never could serve to extinguish it.

The regulation of the kind and degree of the luminous

appearance, does not depend upon any visible mechanism,

but like the production of the light itself, is accomplished by

some inscrutable change in the luminous matter, which in

some animals is a simple operation of organic life, and in

others is subject to the will.

It is worthy of remark, that in all the dissections I have made

of luminous insects, I did not find that the organs of light

were better, or differently supplied with either nerves or air

tubes, than the other parts of the body. The power of emitting

light likewise exists in many creatures which want nerves,

a circumstance strongly marking a difference between animal

light, and animal electricity.

With the exception of the animals above mentioned, the

exhibition of light depends upon the presence of a fluid

matter.

In the pholas dactylus, the luminous fluid is particu-

larly evident, and in vast quantity ;
it is recorded by Pliny,

that this fluid is like liquid phosphorus, and renders every

object luminous with which it comes into contact. Reaumur

also found that it was diffusible in water, or any other fluid

in which the animal might be immersed.*

The shining of the scolopendra electrica, I have always

observed to be accompanied by the appearance of an effusion

of a luminous fluid, upon the surface of the animal, more

particularly about the head, which may be received upon the

hand, or other bodies brought into contact with the insect at the

* Mem. de 1 ’ Acad, des S.c, 1712.
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moment, and these exhibit a phosphoric light for a few seconds

afterwards. This fluid, however, I never could discover in the

form of moisture, even upon the clearest glass, although

examined immediately with the most scrupulous attention by

a lens : it must therefore be extremely attenuated.

The same appearance has been observed during the illumi-

nation of the nereis noctiluca by Fougeroux de Bondaroy.^

The animal discovered by Riville shed a blue liquor,,

which illuminated the water for a distance of two or three

lines.-f

Spallanzani relates, that the medusa which he examined,

communicated the property of shining to water, milk, and

other fluids, on being rubbed or squeezed in them.£

The luminous fluid is in some instances confined to par-

ticular parts of the body, and in others is diffused throughout

the whole substance of the animal.

In the scolopendra electrica, it appears to reside immediately

under the integuments. In the lynceus discovered by Riville,,

it is contained in the ovary. If I may judge from my own

observations, every part of the body of the medusae is fur-

nished with this fluid, as there is no part I have not seen

illuminated under different circumstances, but Spallanzani

affirms that it is only found in the large tentacula, the edges

of the umbella, and the purse or central mass; which he

proved, he says, by detaching these parts successively, when

they shone vividly, while the rest of the body neither gave

light or communicated any luminous appearance to water.§

* Mem. de 1’ Acad, des Sc. 1767.

f Mem. Etrang. de i’ Acad, des Sc. Tom. iii.

X Spallanzani’s Travels in the Two Sicilies, Vol. iv.

§ Memoria sopra le meduse fcsforiche. Mem. della Soc.Ttal. Tomo viL
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Spallanzani discovered a mucous luminous fluid in the

plumule of the pennatula phosphorea.*

The phenomenon of animal light has been attempted to be

explained in different ways. By many persons it was formerly

ascribed to a putrefactive process, but since the modern

theories of combustion became known, it has been generally

believed to depend upon an actual inflammation of the lumi-

nous substance, similar to the slow combustion of phosphorus.

Others have accounted for the luminous effect, by supposing

the matter of light to be accumulated, and rendered latent

under particular circumstances, and afterwards evolved in a

sensible form.

The opinion of the light of living animals being the con-

sequence of putrefaction, is evidently absurd, and contradictory

to all observation on the subject. It has been proved by the

experiments of Dr. Hulme and others, that even the luminous

appearances of dead animals, are exhibited only during the

first stages of the dissolution of the body, and that no light is

emitted after putrefaction has really commenced.

Spallanzani, who was the most strenuous advocate for the

phosphorescent nature of animal light, stated that glow-worms

shone more brilliantly when put into oxygen gas
;
that their

light gradually disappeared in hydrogen or in azotic gas,

and was instantly extinguished in fixed air
;
that it was also

lost by cold, and revived by the application of a warm tem-

perature. He conjectured that the luminous matter of these

insects was composed of hydrogen and carbonated hydro-

gen gas.

Forster relates, in the Lichtenberg Magazine for 1783,

* Mem. della Soc. Ital. Tomo ii.
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that on putting a lampyris splendidula into oxygen gas,

it gave as much light as four of the same species in common

air.

Carradori has made some experiments upon the lucciole,

(lampyris italica) which led him to deny its phosphorescence.

He found that the luminous portion of the belly of the insect

shone in vacuum, in oil, in water, and different liquids, and

under different circumstances, where it was excluded from

all communication with oxygen gas. He accounts for the

result of Forster’s experiment, by supposing, that the worm
shone more vividly, because it was more animated in oxygen

gas than in common air.

Carradori adopts on this subject the doctrine of Brugna-

telli, and ascribes the luminous appearances of animals, to the

condensation and extrication of light in particular organs,

which had previously existed in combination with the substance

of their bodies. He supposes the light to be originally derived

from the food, or the atmospheric air taken into the body;

in short, that certain animals have the peculiar property of

gradually imbibing light from foreign bodies, and of after-

wards secreting it in a sensible form.*

The following experiments which I made upon this subject,

would lead me to make different conclusions than those of

the preceding authors.

Experiment 1.— A glow worm was put into a glass of

water, in which it lived nearly two hours, and continued to

emit light as usual, until it died, when the luminous appearance

entirely ceased.

Experiment 2.—The luminous substance was extracted

* Annal di Chimica, Tomo xiii. 1797.
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from the beforementioned glow-worm, and from others killed

in different ways, but it afforded no light.

Experiment 3.—The sacs containing the luminous matter

were cut from the bellies of living glow-worms, and shone

uninterruptedly for several hours in the atmosphere, and after

their light became extinct, it was revived by being moistened

with water ; some of these were put into wa er in the first

instance, in which they continued to shine unremittingly for

48 hours.

Experiment 4.—The luminous substance of a glow-worm

was exposed to a degree of heat which would have been

sufficient to inflame phosphorus, without increasing the bril-

liancy of its light
;
and farther, it could not be made to burn

by being applied to a red hot iron, or to the flame of a candle.

Experiment 5. — A delicate thermometer was introduced

amongst some living glow-worms, during the time they gave

out much light : the temperature of the room being 6g, the

instrument rose to 75, 76, and 77, according to circumstances,

as the warmth was reflected from the hand, or dissipated by

the worm crawling over cold substances. The luminous por-

tion of the tail, when very brilliant, appeared to raise the

thermometer more quickly than the other parts of the body,

but it was not invariably the case. When shining strongly, I

thought that the luminous rings communicated the sensation

of warmth to the hand, but this was probably a deception, as

the actual degree of heat was not sufficient for such an effect.

It should however be mentioned, that in Templar’s observa-

tions on the glow-worm, he said his feelings deceived him, if he

did not experience some heat from the shining of the insect.*

* Phil. Trans. No. 72.
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Experiment 6.—'To satisfy myself how far the evolution of

heat during the shining of glow-worms, depended upon the

life of the animals, I cut off the luminous portion of the tail from

several living worms, and I found that if the thermometer was

applied to them immediately, it was raised by them one or two

degrees
;
but after these parts were dead, although they con-

tinued to emit light, they produced no effect whatever upon

the instrument.

Experiment 7.—Some hemispherical medusae were put into

a spoon, containing a small quantity of sea water, and held

over a burning candle. As soon as the water became heated

the medusae appeared like illuminated wheels, the spots at the

margin and center alone emitting light
; in which manner

they shone vividly and permanently for about so seconds,

when they shrunk and died, after which they were no longer

luminous.

Experiment 8.*— Some of the same species were put into

spirits: a strong and unremitting light was instantly given out,

which issued from the central and marginal parts, as in the

preceding experiment, and continued until they died.

Experiment 9.— Some of the scintillating and hemispheri-

cal species of medusa, contained in a small glass jar, were

introduced into the receiver of an air pump, and the air being

exhausted, they shone as usual when shaken
;
if any difference

could be perceived, the light was more easily excited, and

continued longer in vacuum.

I wished next to try the influence of electricity on the lu-

minous property of animals.

Experiment 10. — A medusa hemispherica was placed in

a sir ail glass dish, containing a quantity of water, merely

MDCCCX. P p
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sufficient to allow the animal to preserve its figure
; being'

insulated, it was electrified, and sparks drawn from it, which

had not the slightest effect
;

the experiment was repeated

several times with different individuals, but without exciting

the anirhals to throw out light.

Experiment 11.—-Some hemispherical medusae were placed

in contact with the two ends of an interrupted chain, and

slight electric shocks passed through them. During the very

moment of their receiving the shock no light was visible, but

immediately afterwards the medusae shone like illuminated
*/

wheels, which appearance remained for some seconds. Upon

the closest inspection with a magnifying glass, no contractile

motion could be perceived to accompany the exhibition of the

light. The application of electricity in this instance seems to

have acted merely as a strong mechanic shock.

The above experiments on the luminous medusae were

made at Herne, with the assistance of George May, Esq. of

Stroud-house, and in the presence of a large company, capa-

ble of accurately distinguishing their results.

It seems proved by the foregoing experiments, that so far

from the luminous substance being of a phosphorescent nature,

it sometimes shews the strongest and most constant light,

when excluded from oxygene gas
; that it in no circumstances

undergoes any process like combustion, but is actually in-

capable of being inflamed
;
that the increase of heat, during

the shining of glow-worms, is an accompaniment, and not an

effect of the phenomenon, and depends upon the excited state

of the insect; and lastly, that heat and electricity increase the

exhiti ion of light, merely by operating like other stimuli

upon the vital properties of the animal.
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In confirmation of these opinions, I may quote the high

authority of the Secretary of this Society, who has found that

the light of the glow-worm is not rendered more brilliant in

oxygene, or in oxygenated muriatic gas, than in common air ;

and that it is not sensibly diminished in hydrogene gas.

I may further add, that Spallanzani's experiments of

diffusing the luminous liquor of the medusa in water, milk,

and other fluids, are in direct contradiction of his own theory,

as is also the extinction of the light of these mixtures by the

application of a high degree of heat.

If the light emitted by animals were derived from their

food, or the air they respire, as supposed by Carradori, the

phenomenon should be increased or diminished, according to

the quantity of food or air, that the creatures consume
; but

we do not find this to be the case
;
for in those situations

where they are sometimes found to be most luminous, they

are deprived, in a great measure, of these assumed sources of

their light.

In fact, the luminous exhibitions of living animals are not

only independent of all foreign light, but are frequently des-

troyed by the latter. I have always found the shining of the

medusae to cease upon the rising of the moon, or at the ap-

proach of day ;
and when out of the sea, I never could excite

them to throw out light until they had been kept for some time

in the dark ;
all the luminous insects likewise secrete them-

selves as much as possible during the day time, and go abroad

only at night. I have, it is true, found that the scolopendra

electrica will not shine unless it has been previously exposed

to solar light ;
but I have observed that it shone as brilliantly

and as frequently, after being kept a short time in a light

Pp §
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situation? as when left uncovered the whole day. The cir-

cumstance of the scolopendra requiring exposure previous to

its giving out light, is very unaccountable, as the insect, when

left to itself, always seeks as much as possible concealment

during the day ; indeed it is the opinion of some naturalists

that it is killed by the light of the sun.

The opinions of Brugnatelli and Carradori are con-

nected with some general doctrines, respecting the nature of

light, which I shall not at present venture to discuss. It ap-

pears to me, that the question is still unresolved, whether

light has a substantial existence, oris a phenomenon depend-

ing upon certain operations or conditions of the ordinary forms

of matter. But the highly ingenious researches of Count

Rumford, on the laws of what have been called subtile fluids,

and the extraordinary advances lately made by Mr. Davy, on

the decomposition of substances, that were hitherto looked

upon as elementary, give us reason to hope, that future in-

vestigations may unfold views of the material world, of which

we can at present have only an indistinct conception
;
that

new modes of analysis may enable us to see things, not

through a glass darkly,” but more nearly as they are ; and

that the boundaries of physical and metaphysical science, now

so far asunder, may be made to approach each other.

In the present state of our knowledge, our business should

be, to collect, arrange, and compare phenomena, rather than

to speculate upon their nature. Nevertheless, I cannot refrain

from observing, that the circumstances attending the luminous

appearance of living animals, are much more favourable to

the supposition of light being a property, than a substance..

The quantity of light emitted by an animal in a certain time.
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(admitting it to be matter) far exceeds that which could be

possibly supplied by the sources, from whence it is usually

supposed to be derived. Tims the luminous appearance of

some medusae may be continued with the intermission of short

intervals for an indefinite time, notwithstanding the creature

be kept in darkness, and without any other food than what a

small quantity of filtered sea water would afford* The unin-

terrupted and long continued light that is sometimes evolved

by the luminous sacs, and the ova of the glow-worm, is

also inconsistent with the notion of an accumulation and

subsequent dispersion of a material substance.

I shall terminate this paper by an enumeration of the

several conclusions, that are the result of the observations I

have been able to make upon the phenomena of animal light.

1 he property of emitting light is confined to animals of the

simplest organization, the greater number of which are inha-

bitants of the sea.—The luminous property is not constant*

but in general, exists only at certain periods, and in particular

states of the animal's body.—The power of shewing fight,

resides in a peculiar substance or fluid, which is sometimes

situated in a particular,organ, and at others diffused throughout

the animal's body.—The light is differently regulated, when,

the luminous matter exists in the living bod]/, and when it is

abstracted from it. In the first case, it is intermitting, or alter-

nated with periods of darkness
;

is commonly produced or

increased by a muscular effort; and is sometimes absolutely

dependant upon the will of the animal. In the second case,

the luminous appearance is usually permanent until it becomes

extinct, after which it may be restored directly by friction,

concussion, and the application of warmth ; which last causes.
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operate on the luminous matter (while in the living body.)

only indirectly, by exciting the animal.—The luminous matter,

in all situations, so far from possessing phosphoric properties,

is incombustible, and loses the quality of emitting light, by

being dried, or much heated.—The exhibition of light, how-

ever long it may be continued, causes no diminution of the

bulk of the luminous matter. It does not require tne presence

of pure air, and is not extinguished by other gasses.

The luminous appearance of living animals is not exhausted

by long continuance, or frequent repetitions, nor accumulated

by exposure to natural light
;

it is therefore, not dependent

upon any foreign source, but inheres as a property, in a pe-

culiarly organized animal substance or fluid, and is regulated

by the same laws which govern all the other functions of

living beings.

The light of the sea is always produced by living animals,

and most frequently by the presence of the medusa scintillans.

When great numbers of this species approach the surface, they

sometimes coalesce together, and cause that snowy or milky

appearance of the sea, which is so alarming to navigators.

These animals, when congregated on the surface of the

water, can produce a flash of light, somewhat like an electric

corruscation. When the luminous medusae are very nume-

rous, as frequently happens in confined bays, they form a

considerable portion of the mass of the sea, at which times

they render the water heavier, and more nauseous to the taste ;

it is therefore adviseable to always strain sea water before

it is drunk.

The luminous property does not appear to have any con-

nection with the oeconomy of the animals that possess it,
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except in the flying insects, which by that means discover each

other at night, for the purpose of sexual congress.

Explanation of the Figures.

Fig. i. The cancer fulgens, discovered by the Right Hon.

Sir Joseph Banks, of the natural size.

Fig. 2. The same animal magnified.

Fig. 3. The medusa pellucens, also found by Sir Joseph

Banks, represented of the natural magnitude.

Fig. 4. The limulus noctilucus, discovered by Captain

Horsburgh, considerably enlarged.

Fig. 5. The luminous medusa, discovered by me, which I

conceive to be the medusa hemispherica : it is shewn of the

largest size I met with.

Fig. 6. The central process of this animal's body magnified,

in order to explain its structure. The thick tentacula in which

it terminates are seen covered with small cups or suckers.

Fig. 7. The beroe fulgens, discovered by me, shewn in its

most elongated or relaxed form, which it assumes commonly

when swimming quickly.

Fig. 8. The same animal in the most contracted form.

F.g. 9. The minute species of medusa, discovered by me,

which is the most frequent cause of the luminous appearance

of the sea. represented of the natural size.

big. 10. I he same animal magnified, exhibiting a puckered

or tucked-in appearance on one side.

F :

g 11. Is the animalcule discovered by Forster, of the

natural size.

Fig. 12.. The same, greatly magnified, to shew the intes-
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.tinal parts. Both these figures are copied from the original

drawings, in the possession of the Right Hon. £ Joseph

Banks.

Fig. 13. Is an enlarged view of the inferior a.a,V a. ,

' the

abdomen of the lampyris lucida, after the integument - d

been removed, a a a represent the three rear •• •/. a i mi nous

substance which are applied to the three last rings of the

abdomen, b b b the arrangement of cellular or interstitial

substance on the other abdominal rings, which gives the pale

colour to the whole belly of this insect.

Fig. 14. Represents the common glow-worm, with the pos-

terior portion of the back cut away to expose the sacs of lu-

minous matter in situ on the last ring of the belly, a indicates

the sac of one side
;

the intestine is seen to lie between

them.

Fig. 15 and 16. Are the sacs of the glow-worm prodigiously

magnified to shewr their structure. Fig. 16’ is cut open to ex-

pose the luminous matter it contains : the coat of the sac is still

seen to preserve its figure.

Fig. iy. Is the elater noctilucus, with the shell of the cor-

celet removed on one side, by which the organ of light is

uncovered, a the yellow transparent spot of the corcelet. b the

oval mass of luminous substance surrounded by an irradiation

of the interstitial substance, c the ends of the muscles which

were on the inside of the corcelet.

Fig. 18. Is the posterior angle of the corcelet of the elater

noctilucus magnified, a the radiated appearance which the

interstitial substance has round the oval mass of luminous

matter. This mass is seen to consist of a number of smaller

parts, b shews the appearance of the interstitial substance.
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where it passes down between the muscles, c the ends of the

muscles of the back, d the shell of the corcelet.

Fig. 19. Represents the elater ignitus. a is the mass of

luminous substance of one side, seen indistinctly through the

back part of the semitransparent portion of the corcelet. b is

the luminous mass of the other side, exposed by removing a

part of the shell of the corcelet

MDCCCX. Q<l
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XVI. Observations and Experiments on Pus . By George

Pearson, MlD. F.R.S.

Read July 5th, 1810.

Chemical writers vary in their statements of the properties

of pus ;
and they consider that a further investigation is

requisite for the purposes of science. Physicians confess that,

in numerous cases, they cannot form a satisfactory judgment

of the nature of diseases, on account of not being able to

determine what is, and what is not purulent matter
; likewise

probably, on account of the existence of different kinds, or va-

rieties, at least, ofthis substance, afforded by different disorders.

I beg leave, therefore, to submit to this learned Society,

my own observations, experiments, and reasoning on this

animal matter.

Section I. Simple , and obvious Properties.

The different kinds of fluid, commonly considered to be

pus, may be distinguished by the following titles

:

I. The cream-like and equally consistent.

II. The curdy and unequal in consistence.

III. The serous and thin kind.

IV. The thick, viscid or slimy. -

I. A pint of the first sort was taken out of the pericardium,

after a fatal inflammation of the heart, in St. George’s Hos»

pital, and obligingly sent to me by my colleague, Dr. E. N.

Bancroft,
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The colour was yellowish—the smell was fleshy when
warmed—it was smooth and unctuous to the touch.

2. The specific gravity of two different portions, was as

1630 and 1 633, that of distilled water being 1580 ; each

substance being of the same temperature. Serum of the blood

of different patients, was found at the same time to be 1626,

1627, and 1630. Accordingly, the distilled water being 1000,

the pus is 1031, and 1033 ; and the serum is 1029, and 1031.

3. After 12 hours repose, about two ounces by measure

of a limpid fluid having appeared on the top, it was decanted

from 01T the opaque purulent fluid ; which was become thinner

in the upper part of the vessel containing it, and thicker in

the lower than before.

4. On further repose, it did not become offensive so soon

as a portion of the same pus mixed with a little blood, nor

as serum alone.

3. This pus neither indicated acidity nor alkalescency to

the usual tests, viz. turnsole paper, tincture of red cabbage.

Brazil-wood paper, and turmeric paper. I have, in other

instances sometimes, observed acidity to be indicated by

turnsole paper ; but in none alkalescency, so long as the

matter remained without foetor.

6. Being examined under the microscope, when duly

diluted with distilled water, innumerable spherical particles

were seen, which did not appear altered in figure, nor diminish

in number by extreme dilution ; that is, they did not appear

to have been dissolved.

II. A pint of pus of the second kind, viz. curdy , was afforded

i>y a psoas abscess.

The colour was brown. It felt knotty. On pouring from

Qqs
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one vessel to another, the curdy masses were manifest, and

of various sizes, from that of a pin’s head to a hazel nut. It

was more viscid than the former, and of a little greater spe-

cific gravity. On standing, a limpid fluid appeared upon the

top, as in the first kind, but in smaller quantity. Globules

were seen with the microscope, but also a number of irre-

gularly figured larger masses. Putrefaction took place sooner

than in the former kind. In other properties, this pus was

similar to the first kind.

III. Serous thin pus. It was produced by a fatal inflamma-

tion of the peritoneal coat, without ulcer, and taken out of the

cavity of the abdomen. A good deal of serum was also effused,

of which the pus was a deposit. It was not much thicker than

milk. To the feeling it was not at all unctuous. The smell was

slightly offensive. On standing 24 hours a sediment appeared,

occupying only one half the full vessel, under a whey-like

liquid. Putrefaction took place sooner than in either of the

two former kinds. The specific gravity was the same as that

of the first sort. In other properties it was similar to the

cream-like pus above distinguished.

IV A pint of the viscid pus was obtained from an abscess

among the muscles of the thigh. If I had not had entire

confidence in Mr. Brodie’s accuracy, who was so obliging

as to attend to my request, on this and many other like

occasions, I should have supposed, that this was expecto-

rated matter, it so exactly resembled in its simple properties,

the ropy kind, described in a paper on expectorated matter.

Phil. Trans. 1809, P. II. p. 317.

The appearance was not quite uniform, there being semi-

transparent masses in small proportion, mixed with the
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perfectly opaque white matter. It was almost inodorous. To
the touch it was quite smooth. The specific gravity was

nearly that of the second kind of pus.

On standing 24 hours, about one ounce measure of limpid

fluid rose to the top of the whole mass. Putrefaction did not

take place so soon as in expectorated matter of the same

consistence.

The examination by the microscope manifested innumerable

spherical particles among leafy masses, and numerous par-

ticles of irregular forms.

The simple properties were otherwise similar to those of

the other sorts of pus, above distinguished.

Many other differences cf purulent matter are universally

recognized
;

but they are either varieties of the four kinds

already named, or the differences depend upon the obvious

mixture with adventitious substances ; such as the red part of

the blood, coagulated lymph, serum, putrefied matter, fibrous

and membranous masses, calculi, &c. : therefore, I deem it

useless to describe them.

Sect. II. Agency of Caloric.

1. The above kinds of pus coagulated like serum of blood,

into a firm, uniform, soft solid, at the temperature of 165°

completely ; but partially at 160° of Fahrenheit’s ther-

mometer.

2. The decanted limpid fluid from pus, Sect. I.—I. II. III. IV,

coagulated completely into a firm uniform mass, like serum of

bkod, at 16*5°, but it became opaque and thickened at ib'o°.

By pressure of the firm curd thus produced, a watery liquid

was separated, which on due evaporation did not give a jelly,

but was coagulabie like the decanted liquid just mentioned.
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The thick opaque matter, after decanting the limpid fluid,

coagulated as before said, into a firm mass at 1 65®.

3. Each of the above four kinds of pus being evaporated to

dryness, left in no case less than one tenth of its original

weight, nor more than one sixth ;
but most frequently one

seventh, to one eighth of brittle matter. The smallest pro-

portion of residue was left by the 3d, or serous kind; the

largest, by the 2d or curdy. These residues generally

became rather soft, especially those of the 3d, or the serous

kind, after exposure to the air.

4. The opaque part of pus after separating the limpid fluid

afforded on evaporation about JL to ~ more of brittle residue,

than an equal weight of the pus itself ; and it remained hard on

exposure to the air. The limpid fluid evaporated to dryness,

yielded about one tenth of brittle residue ; which grew moist,

and sometimes deliquesced, on exposure to the air.

5. The brittle residues above mentioned (3), being exposed

to fire in platina crucibles, flamed for some time, emitting

a very offensive, pungent, empyreumatic smell
; the unin-

flammable residue being kept in a state of ignition for a

longer period, what remained at length was fused readily

from the serous
,
viz. the third kind of pus ;

but in the cases ofthe

other exsiccated residues of the 1st, 2d, and 4th kinds of pus,

they barely were melted, or only became soft and claggy.

The fused residues from the serous pus
,
amounted to to

yT of the exsiccated pus
;
and to to ylg. of the original

purulent matter. Those from the second kind, the curdy,

amounted to ~ to K
I- of the dried matter, and to to -JL_

of the pus itself. The fused masses from the 1st and 4th

kinds of purulent matter, afforded intermediate quantities of

melted matter between those just mentioned.
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6 . The fused residues (5), being treated in the manner de-

scribed in a former paper, Phil. Trans. 1809,?- II. p. 326—329,

I found they consisted chiefly of muriate of soda, phosphate of

lime, and potash; with strong indications of carbonate of lime,

and a sulphate ;
besides traces of phosphate of magnesia,

oxide of iron, and verifiable matter, probably silica. On a

reasonable calculation, it appeared, that in the serous kind of

pus, the muriate of soda amounts to from one and a half, to two

per 1000 ;
the phosphate of lime to one, to one and a half per

1000 ;
the potash to one half, to three fourths of a part in

this quantity ;
and the other matters together, to half a part

in 1000. In the curdy matter
,
the second kind, the muriate of

soda amounts to three fourths of a part, to one in a 1000;

the phosphate of lime to one ;
the potash to less than one

half
;
and the other matters united, to half a part in a 1000.

The first kind of pus, the cream-like
,
and the fourth, the viscid

,

afforded from the melted residue, the same substances as the

serous kind, excepting a somewhat smaller proportion of

muriate of soda, and potash.

7. The brittle residues of evaporated pus, after decanting

the limpid fluid (4), being treated with fire as above related,

the remaining matters were melted with more difficulty, and

less completely, and contained a smaller proportion of muriate

of soda and potash than the original pus.

8. The decanted limpid fluids (4), being evaporated to dry-

ness, these residues were exposed to Are. They were melted,

and then afforded a larger proportion of muriate of soda and

of potash, than the pus itself ; but with tne same proportion

of the other saline and earthy substances.
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Sect. III. Agency of Water.

l. After decanting the limpid fluid from off half a pint

of the four kinds of pus as above related, (Sect. I.) three

ounces measure of distilled water were mixed with each

of them. After 4,8 hours repose, a limpid fluid of nearly the

quantity of two ounces by measure, was seen forming an

upper stratum to the pus. It was decanted for examination.

( )
On exposure to fire it became turbid like milk, as soon

as the temperature was elevated to 165°, but did not become

thicker at a greater elevation.

() On evaporation to dryness, the residue amounted to

about one fifteenth of the weight of the liquid from the serous

pus, and to one twentieth from the three other kinds
; in place

of about one tenth, as from the first decanted liquid, (Sect.

I. 4) ;
and as from serum of blood. The residuary matters

were of the same kind as those above described. Sect. II. 2—6.

(
c )

Three ounces measure of distilled water having been

again mixed with each of the four kinds of pus, and in 48

hours, two ounces measure of decanted limpid fluid from each,

having been evaporated to dryness, residues of the same kind.

In the same proportions, and in nearly the same quantities as

before, were obtained (6). These decanted fluids became

nearly as turbid as the former, on raising their temperature

to 165°.

{d) Distilled water was added a third time in the quantity

of eight ounces by measure, to each of the four parcels of pus

under examination, and after 48 hours repose, six ounces of

limpid fluid were poured off from each of them. At the tern-

perature of 16 the decanted fluids became turbid; that of the

serous pus more so than the others. On evaporation to dryness*
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a much smaller quantity of residue was obtained than before,

viz. one sixtieth from the serous pus, and one seventieth from

the others ; and it consisted of the same kind of substances as

above described
;
but the muriate of soda and potash were in

smaller proportion than before.

(i?) A fourth time distilled water in the quantity of a pint,

was mixed with the present four parcels of pus, and after

standing 48 hours, three fourths of a pint of clear colourless

liquid was poured off from each of them. It became slightly

turbid and whitish on boiling. On evaporation, each parcel

afforded about of the fluid employed. The residues now
consisted of animal matter, with a much smaller proportion

than before, of muriate of soda, phosphate of lime, and

potash—nothing else could now be traced.

(/) Distilled water in the quantity of a pint, was once more

mixed with the four sorts of purulent matter undergoing

inquiry. After 48 hours, a pint of liquid was decanted from

off each of them
;
but being slightly turbid, they were left to

stand 24 hours. By this time a sediment was deposited from

each of the liquors
;

but being still, though very slightly,

turbid, they were filtrated through suitable paper. They were

then transparent. The transparent filtrated liquors had their

transparency disturbed by a boiling temperature. They

became also slightly milky, with nitrate of silver, but scarcely

so with infusion of gall nut. On evaporation to the quantity

of an ounce from each pint, the residuary liquids appeared

slightly globular. These, on evaporation to dryness, yielded

not more than one part of animal matter, from each 500 of

the transparent filtrated liquids.

(g) On standing three or four days in a cold room, the

mdcccXo R r
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parcels of pus, after the ablutions just related (a—f), exhibited

a whey coloured liquor at the top, of which about £ of a pint was

poured off from them. More turbid liquor was also separated

from the washed pus, by pouring it upon a porous cotton cloth

strainer, which left purulent matter of the consistence of starch

mucilage, amounting to about one half the original weight.

(h) The pus freed from coagulable limpid liquid by repeated

ablutions (a—h) was white as snow—equal in consistence

—perfectly smooth-— the 4th kind was less viscid than before,

but the others were more so—no smell—not at all disposed

to putrefy-—on elevating its temperature to 165° and higher,

it did not coagulate into one mass, nor into clots, or large

masses of curd, but a watery fluid separated from a fine soft

somewhat curd-like opaque fluid ; which did not become

more curdy, on even boiling— it did not appear that above a

grain of this part, or state of pus, dissolved in 1000 waters—
was highly globular under the microscope, and remained so,

although coagulated by nitrate of silver
; by infusion of gall

nut ; by alcohol; and super-sulphate of alumina—-with muriate

of ammonia, nitrate of potash, and other neutral salts, and with

carbonate of potash, it produced a viscid semi-transparent

mass like expectorated half transparent matter

—

exposed to

fire in a plati-na crucible, it was inflamed, but did not emit an

offensive smell, and after continuing the ignition, the residue

was a particle of half fused matter, not amounting to -jJL- of

the pus after ablution, nor above -A_ of the same matter

exsiccated ; it consisted of phosphate of lime, and vitrified

matter— no ammonia was perceivable, on mixing lime with

this washed pus ; nor muriatic acid on adding sulphuric acid.

b. (a) A tea spoonful of the cream-like pus, being agitated in
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half a pint of distilled water, produced a milky fluid, with a

number of small curdy particles suspended, but very few leafy,

or fibrous pieces or clots.

(t>) The serouspus being treated as just mentioned
(
a ), the

same appearances ensued.

(c) The curdy pus being agitated in the same manner in

water, a number of clots, leafy, and fibrous masses, were seen

suspended among fine small curdy particles in a pearly liquid.

(d) The viscid pus being treated as just said, it required

long continued, and violent agitation, to diffuse it through the

water, and then the appearances were as last described.

3. Pus of any kind, after boiling in twenty times its quan-

tity of water, was quite as globular under the microscope as

previously. With a smaller proportion of water, the mixture

became very turbid, sometimes clots were formed in a pearl

liquid, in which a fine sediment took place, which appeared

much more globular than the clots or curdy masses.

4. In genera], water in which pus has been agitated, remains

somewhat milky, with an abundant close white sediment ;
but

after two, or three, or more ablutions, the water becomes clear

on standing, and the sediment more curdy.

Sect. IV. Agency of Alcohol of Wine.

The different kinds of exsiccated pus exposed to the agency

of this menstruum, and treated as described in a former paper,

Phil. Trans. 1803, P. II. p. 323, the results were similar,

except in the proportion of products.

1. These exsiccated substances afforded to this menstruum

a smaller proportion of potash, but as much animal oxide and

muriate of soda, as mucous sputum.

< R r 2
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2. The undissolved matter left after repeated digestions in

this menstruum, afforded the same substances, but in smaller

proportions, as mucous sputum.

3. Equal bulks of fresh pus, and rectified spirit of wine,

afford a much thicker and more milky liquor, with a closer

sediment, than expectorated mucous matter.

Sect. V. Agency of acetous Acid.

The purulent matters mixed with this acid became curdy,

and rendered it milky ; but on standing, a close white sedi-

ment appeared, the liquid above being clear, except in the

case of the viscid pus, which exhibited leafy and fibrous

masses, as hath been described with mucous sputum.

By repeated digestion of the different kinds of pus in this

menstruum, I obtained the same results, except the proportions

of acetite of potash, and muriate of soda being smaller, as

related in a former paper on mucous expectorated matter,

Phil. Trans. 1803, P. II. p. 33b.

Sect. VI.

—

Some Experiments with different Objects, especially

to distinguish Pus and Mucus.

2, In the agency of sulphuric, nitric, and muriatic acids, in

sufficient quantity to dissolve and decompound the substances

under inquiry, I could perceive no Important difference between

them. The purulent matters indeed, required a much greater

proportion to completely dissolve them, than the transparent

sputum. Also the more opaque and dense the sputum, the

greater the resistance to dissolution. Sulphuric acid produced

black liquids like those containing charcoal, smelling strongly

of muriatic acid, but on dilution with water, they became clear.

No precipitation occurred on dilution with water, and on
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saturation with the fixed alkalies, but a trifling sediment

appeared, which re-dissolved on the addition of the above

acids.

2. The mineral acids diluted, or added in small proportion,

and the vegetable acids, coagulate variously pus and mucous

fluids. Some become merely milky fluids, others curdy fluids,

others afford fibrous and leafy masses in a transparent liquor,

and others give an uniform thick mass of curd. On standing

the deposits are accordingly of various forms, and the liquors

above of various appearances, but I could discover no constant

characteristic property of the substances by these experiments,

as some writers have asserted.

3. The solid fixed alkalies, or lime, mixed with expectorated

mucus, occasion a stronger smell of ammonia than with pus

;

or than with muco-purulent sputum. Some use may be per-

haps made of this easy experiment to judge of the nature of

varieties of the fluids in question, particularly as far as depends

on the proportion of ammonia : for sometimes it cannot be

perceived by the smell on mixing alkalies, but can by muriatic

acid giving white vapours. Concentrated liquid alkalies, added

to both pus and mucus, dissolve them to produce clear liquids,

except small curdy parts and motes. These curdy parts and

motes resist dissolution also for some time even in nitric acid,

and seem to be self-coagulated lymph. They are in much

greater proportion in pus than mucus. The addition of acids to

these alkaline dissolutions, occasions precipitations, but no diffe-

rences, cr not with sufficient uniformity to afford criteria, were

observed according to the observations of otherExperimenters.

4. Concentrated aqueous solutions of various neutral salts,

viz

.

muriate of ammonia; nitrate of potash; muriate of soda;
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sulphate of soda, &c. being mixed in due quantity with pus of

the kinds under examination produce viscidity, like ropy ex-

pectorated matter, thickening like jelly, and less opacity.

These changes have, in the case of muriate of ammonia, been

called coagulation by Mr. Hunter ;
but by agitation in cold

water the matters are diffused, and on standing, the pus is

precipitated in its original state. I call these effects of the

neutral salts inspissation, seemingly occasioned by their at-

tracting water from the pus; for no such change is produced

if either the purulent matter, or solution of salts be diluted
;

nor is it produced if the pus be previously coagulated by

cploric: also the inspissated pus is coagulable by caloric as

usual. No such inspissation is produced by these salts in

mucous sputum, nor in muco-purulent sputum, so that un-

doubtedly it is a criterion as discovered by Mr. Hunter in the

case of muriate of ammonia, and with other neutral salts,

as now manifested.

4. 1 endeavoured to find some easy tests for distinguishing

pus from mucus ; but I did not succeed with the tanning

principle
;
gallic acid ; super sulphate of alumina

;
nitrate of

silver, and other metallic salts
;
and as already said, various

acids. They all produced precipitation of these animal mat-

ters, but not with observable characteristic differences.

5. To observe the state in which the matter of pus is

secreted, I procured the assistance of Mr. Maynard, the

present house-surgeon of St. George's hospital, and Mr.

George Ewbank, who had been on many occasions essen-

tially serviceable in my inquiries. Square pieces of gold

beater's skin were applied to various sore legs after carefully

removing the matter already secreted. In five to ten minutes
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the square pieces being removed, were found wet with a

limpid fluid. In this state they were inspected by the micro-

scope, by which numerous globules were seen. In ten

minutes further the liquid was no longer limpid but opaque like

pus, in which the usual spherical particles were seen with the

microscope as just mentioned.

Supposing objections might be offered on account of the

alteration of texture of the skin employed, square pieces

of glass were also applied. The results were the same in

both trials. The two gentlemen above named, as well as

Dr. Richard Harrison, and other pupils, who happened

to be present, all concurred in the observation, that the

limpid matter became opaque, and that while limpid it was,

like pus, full of spherical particles.

Sect. VII. Conclusions .

The statement of the properties of pus in the foregoing

inquiry I hope will be found to be true ; and I submit to the

judgment of others whether or no the following inferences

are legitimately established.

1. That this fluid essentially consists of three distinct sub-

stances, viz. 1. An animal oxide, which, among other proper-

ties, is distinguished by its being white, opaque, smooth, of

the form of fine curdy particles in water ;
not dissoluble in

less than 1000 cold waters; not coagulable into one mass like

serum of blood by caloric, alcohol, &c.; only rendered more

curdy by water of 160 0 to 170°; but readily diffusible.—-2. A
limpid fluid resembling serum of blood in its impregnations

and in its coagulability by caloric, alcohol, &c.; in which the

opaque oxide is diffusible but not dissoluble, and which is spe-

cifically lighter than that oxide.—3. Innumerable spherical
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particles visible only by the microscope in this opaque oxide,

and in small number in the limpid fluid ; not coagulable by

any temperature to which hitherto exposed, and not destructible

by many things which combine or destroy the opaque oxide

;

and these globules are specifically heavier than water.*

2. That the visible curdy masses, as well as the fibrous or

leafy parts, almost always contained in smaller or larger

quantities in pus, may be considered as self-coagulated

lymph, which in its fluid state is secreted without having the

state of aggregation produced in it like that of the essential

opaque oxide of pus.—Sect. VII. i.

3. That the reddish, the blackish, and the dark brown

colour of pus depends upon the red part of the blood effused

or secreted from the same vessels, or from contiguous ones

which secrete pus.

4. That on some occasions the clotty and irregularly figured

masses found in the pus may depend upon disorganization or

breach of the contiguous solid parts.

5. That whenever pus is foetid to the smell, a portion of it

is in the state of putrefactive fermentation, which may be

removed by ablutions with water.

6. That there are certain adventitious matters liable to be

contained in pus not hitherto rendered palpable to the senses,

but known by their effects in exciting contagious diseases ;

such as small-pox, syphilis, & c. These matters are produced

by a specific action in the secretory organs of pus, by such

* My obligingly attentive pupils, Mr. Burton, and Mr. Stansfeld, house-sur-

geons of the Lock hospital, collected for me a sufficient quantity of gonorrheal matte?

to determine that it consisted of the three ingredients here stated.
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matters themselves either contained in the circulating blood,

or on the secreting surface.

7. That the essential substances of which pus consists, as well

as some of the adventitious ones (Sect. VII. 1, 2, 3, 6), are sepa-

rated from the blood by a peculiar organization belonging, or

attached to the blood-vessels : which organs of separation or

secretion are not only excited to the action which produces pus

in diseased states, but they are evidently influenced by the

states of other distant organs of the animal oeconomy
; hence

many varieties in the properties of the purulent matter.

8. That the varieties of purulent matter relate to differences

of quantity—the proportion of the essential substances (1)

—

and the adventitious parts (2, 3, 4, 5, 6,). The cream-like pus

consisting of almost purely the opaque oxide and limpid liquid

(L 1, 2). The curdy containing a large proportion of coagu-

lated lymph, or broken down solids. The serous abounding in

limpid fluid. The viscid depending upon the coagulation, and

perhaps, inspissation, by union of neutral salts with the

opaque oxide.

9. That as the essential parts are secreted in 3 limpid state,

but presently become opaque, owing to a large proportion

spontaneously coagulating, and thus becoming the opaque

oxide, mixed with the serous liquid, and innumerable spheri-

cal particles (Sect. VII. 1. 1, 2, 3), it seems reasonable to infer

that these matters are the self-coagulated lymph of the blood

and serum, separated by the secretory organs ; which act

of secretion determines the subsequent state of aggregation of

pus, and the globules are at the same time formed analogously

to their formation by other secretory organs. How far they are

S sMDCCCX*
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those of the blood altered by secretion may be determined

hereafter. It is a collateral proof of this inference that very

thick pus affords one sixth to one seventh of exsiccated brittle

residue, which, as I have found, is nearly the same proportion

afforded on the exsiccation of the huffy coat of inflamed blood ;

while very thin pus affords on exsiccation one eighth to one

eleventh of brittle residue, which is the proportion to be ex-

pected from a mixture of serum of blood and self-coagulated

lymph, as I have ascertained.

10. That the constant impregnating saline and earthy

ingredients of pus, are dissolved in the serous fluid, and are

all separable along with the serum, by ablutions with water,

from the opaque oxide (i), except a portion of the phosphate

of lime. These impregnations are the same as those of

serum of blood, and of expectorated mucous matter, viz.

muriate of soda
;
potash neutralized by animal matter or a

destructible acid
:
phosphate of lime; ammonia neutralized pro-

bably by phosphoric acid ; with a sulphate and traces of some

other matters mentioned in my former paper. The proportion

of these impregnating substances is as the proportion of limpid

or serous coagulable fluid, and of course inversely as the

proportion of the opaque oxide of pus
; but it varies in diffe-

rent cases in given proportions of this oxide, and the limpid

fluid. In general, if not always, a given quantity of pus contains

a smaller proportion of saline matters than an equal given

quantity of expectorated mucous matter, but a given quantity

of the limpid coagulable fluid contains a greater proportion of

saline matters than an equal given quantity of serum of blood.

Hence the thicker the pus the less irritation to the sore which

secretes it, and commonly the less the inflammatory or other



and Experiments on Pus. gn

action of the secreting surface. In different cases, however,

the proportion of impregnating saline substances to one

another is liable to vary, especially that of phosphate of lime
;

hence, though rarely, calculi occur of this substance in the

cavity of the abscess.* Hence too the exsiccated pus is liable

to become soft and moist, from the proportion of neutralized

potash being greater than usual ; and even deliquescence

sometimes occurs of the exsiccated limpid fluid.

1 2. That the same organs, according to their different states,

secrete from the blood merely water impregnated with the

saline substances of the serum of blood
;

also this fluid

containing various proportions of coagulable matter like that

of serum of blood
; and serous fluid with self-coagulable

lymph, which affords curdy masses : likewise this serous fluid*

together with this matter which coagulates of itself after

secretion, highly impregnated with invisibly small particles,

in such a state of aggregation, as to constitute the thick opaque

fluid called pus—which states of the secretory organs are

generally attended with inflammatory action, but frequently

also without any symptoms of such action.

13. That besides the consistence of pus depending upon

the proportion of serous limpid liquid, and opaque matter, it

also probably depends upon the mode and state of coagulation

of the matter which affords this opaque part
;
analogously to

the different states of consistence of the coagulated blood

* On examining the lungs of a patient who died of pulmonary consumption, con-

cretions were found in a large vomica from the size of mustard seed to a pepper corn,

which Dr. E. N. Bancroft reserved for my enquiry. I found fhey consisted chiefly

of phosphate of lime with an unusually small proportion of animal matter. In another

patient of Dr. Nevinson, matter was coughed up, consisting chiefly of phosphate

of lime and animal matter, nearly one of the former to three of the latter.

S S 2
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itself, according to the different conditions of the animal

ceconomy.

According to the above inferences, I trust, a distinct and

definite notion of the substance to be considered as pus is

exhibited
;
and I do not comment on the different results of

experiments and conclusions of other writers, because future

observers only can determine the truth. What is and what

is not pus will now readily be ascertained by a few easy ex-

periments
;
by the obvious properties ; and by the considera-

tion of the source of the matter in question
:
provided, however,

that it be unmixed with certain other matters by which dis-

guise is produced. As already observed it is in pulmonic

diseases that the ambiguity occurs:; and physicians lay very

considerable stress upon the nature of expectorated matter in

their practice and reasoning ; I shall therefore endeavour to

elucidate the subject by remarks on the puriform matter

expectorated in different cases.

1. An abscess occasioned by acute inflammation not only

of a pleurisy, and peripneumony, but of other diseases which

have not the symptoms of any one which has received a de-

signation. Here there ought to be no doubt ; for the matter

which is coughed up suddenly and abundantly on the bursting

of the abscess is evidently pus with little mucus. Such matter

consists of the essential ingredients of pus, (Sect. VIL 1,) with

generally the adventitious substances, (Sect. VII. 2, 3, 4.) viz .

coagulated lymph, membranous or fibrous parts, and a small

proportion of the red part of bloods

2. Purulent expectoration from the rupture of abscesses, or

vomicae of suppurated tubercles. In such cases there has been

a chronical cough with viscid sputum, commonly in persons off
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an advanced age. After this long continued disease, an abundant

expectoration of quite a different kind from the former sud-

denly comes on
;
by which the patient often dies very speedily;

sometimes immediately, being seemingly choaked. This kind,

of matter evidently consists chiefly of the essential ingredients

of pus (Sect. VII. 1,) with not only the adventitious substances,

viz. clots of self-coagulated lymph, and sometimes the

red part of blood, but also masses, which are apparently the

broken down solid parts, the cellular membrane, the vessels,

and substance of the tubercles, in a disorganized state. The
sufferer often says, such matter tastes sweet. The mucus is-

here in too small a proportion, and not intimately mixed, to

occasion disguise.

3. In the bronchitis, or inflammatory affection of the air

tubes, the membrane remaining entire, attending various

diseases, e. g. the measles, a fever with a cold, various con-

tinued fevers, an expectoration of thin cream-like matter-

occurs, at first gradually, bu' at last in great quantities-, con-

tinuing for a week or more. Although mucus is usually

coughed up with this puriform substance, the two things

generally remain in distinctly large masses. With little skill,

the opaque or puriform fluid may be collected separately from

the mucous matter. It will be found to consist almost purely

of the three essential constituents of pus (Sect. VII. 1,) there

being seldom any adventitious substances.

4. Muco-purulent, or commixed expectorated matter. This

kind is perhaps of the most frequent occurrence. It is that,

which many physicians know not how to designate, some con-

sider it to be pus, and others to be mucous matter. This con-

trariety of opinion arises from the want of definite notions of,
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pus and mucus. Hence the parties are not able to perceive

that in this kind of sputum, exist many of the properties of

pus, and also of mucus. I have described it in my former paper

on expectorated matter, Phil. Trans. 1809.. P. II. p. 317, under

the denomination of opaque ropy matter
,
the third kind. I feel

no degradation in finding it necessary to confess, that a better

acquaintance with the properties of pus, has taught me that I

was in an error, in considering this kind of expectorated

* matter to differ from other sorts, merely in the proportion,

and not in the kinds of constituent parts. It now appears, that

the sputum in question possesses such properties as might be

predicted to exist, from the known properties of pus and

mucus separately, in case these two substances should be in-

timately commixed. Accordingly, the opacity ; the straw

colour ;
the greater density than mucus ; the great globu-

larity under the microscope; the greater proportion of residue

on evaporation to dryness, than from mucus
;
the milky liquid

on heating this matter
;
the milkiness on agitation in cold

water ; are properties of pus. But the great viscidity, yet not

increased by neutral salts
;
the less opacity than pus ; the less

globularity than pus
;
the smaller proportion of exsiccated re-

sidue than from pus
;
the moisture, or greater moisture on the

exposure of the brittle residue to air, than from that of pus
;
the

more difficult diffusibility through cold water, and less degree

of milkiness than from pus : the great proportion of leafy or

fibrous masses on agitation in a very large quantity of cold

water ; the speedy putrescency
; are properties of mucus.

The mode of coagulation by caloric at 160° and upwards, is

such as might be expected from the commixture, viz. in large

jmasses of curd in a milky liquid, instead of into one uniform
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mass like pus, or into small curdy masses in a very large pro-

portion of whey coloured liquid, like mucous sputum. Thick

pus affords on evaporation to brittleness, -i or
J
residue

; and

transparent sputum of the consistence of jelly, gives about -r_

or y- of such residue
;
but this opaque matter under inquiry,

affords— to Ty of brittle residue, according to the proportion of

the two substances. I could not separate the supposed pus and

mucus from one another, to exhibit them distinctly by water,

or by any other means, on account, as I conceive, of the inti-

mate diffusion through one another, and their mutual cohesion.

But on evaporating the milky water, produced by agitating

this sputum in it, or by letting it stand to collect the sediment,

little else beside a mere congeries of globules seen under

the microscope, was thus obtained. For the same reason,

on standing, a serous liquid like that of pus (Sect. VII. 1)

does not separate, or only partially, from the opaque part, so

as to render it possible by ablution, to collect this coagulable

liquid like that of pus : and the greater proportion of water,

belonging to the mucus, occasions the coagulation by caloric,

to afford only a milky liquid, instead of an uniform mass of curd.

This kind of sputum, consistently with the phenomena,

must be produced by secretion from the bronchial membrane

in its entire state, and not by ulceration or abscess. For it is

secreted in many cases, at the rate of a pint or more in each

24 hours, for we.ks and months successively, and for 20 or

more successive winters. Also many persons recover their

good health after this secretion, and it is the usual termination

favourably of pneumonia, bronchitis, &c. It is produced by

any disease of great irritation of the lungs
; as I have found
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from ossification of the bronchial or pulmonary arteries
; from

calculi ; from broken wind, or rupture of air cells, &c.*

It is secreted also in consequence of irritation of the bron-

chial membrane by tubercles, vomicas, water in the cavities of

the chest, &c. The same kind of matter is secreted from the

nose on the decline of a common severe coryza in many cases.

It appears then, that this kind of matter is a symptom of the

most fatal, as well as harmless diseases—it is a symptom in

one case, of the progress of disease to death, and in another,

of the termination in health, by being seemingly a critical

discharge. Perhaps, if these facts had been observed and

considered, numerous mistakes in prognostics, would have

been avoided, and better practice have been employed
;
be-

cause the nature of diseases would have been rightly under-

stood. From this representation, it is plain, that a just opinion

cannot be given merely from the examination of the sputum,

without considering the disease by which it is produced, or of

which it is a symptom.

The proportion must also be considered of the pus and

mucus in sputum : it be estimated, by attending to the

properties of each, as above stated.

Such a compound as the present, scarcely is produced in

any other part, but in the bronchial, and mucous membrane of

the nose, because of the abundant secretion of mucus from

these membranes. And when it is conceived, that both pus and

mucus are secreted in a limpid state, from the same or at least

contiguous organs, where they first intimately commix, and

then become inspissated
;

it will appear reasonable, that they

* I believe this state of the lungs to have been first ascertained in broken -winded

jhorses, by Mr. Col man.
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cannot be readily, or at all completely separated again from

one another. There is indeed, in these cases, no necessity for

the admission of the secretion of the limpid fluid of pus of

abscesses (Sect VII. 1) ; for it appears to me not unjust to

consider mucus to be nothing more than the serum of blood,

altered in its composition and proportion of water, so as to

produce a viscid texture. The secretory organs of the mucous

membrane, by virtue of their peculiar power, separate from

the blood, in health, the mucus as above said, with some

globules, and also a small proportion of the self-coagulable

lymph ; which appears, on agitating mucus in a large propor-

tion of cold water, in the form of leafy and fibrous masses.*

The same secretory organs, it is easily conceivable, may in a

diseased state, be excited to separate also self-coagulable

matter from the blood, with more globules, in such a state as

to become pus. Hence, such a commixture of the two sub-

stances must correspond to the opaque, viscid, expectorated

sputum, of which I am writing.

If I thought farther reasoning proper, it would be manifest,

that all the phenomena, both in health and disease, belonging

to the various kinds of sputum, consist with the theory above

delivered.

* Serum of blood appears always to contain self-coagulable lymph, which is de-

posited on standing ; and this appearance led Gaeer, Pringle, and Cullen, into

the erroneous opinion, of this deposit being pus itself.

r
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